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INTRODUCTION, 


Till title of this work almost suffices to indicate tho character of the con- 
tents, without the aid of any prefatory explanation. The authors hare no 
new theories to advance, nor discoveries to relate: their aim has been 
rather to discuss from an everyday practical view the various mechanical 
trades that deal with the conversion of wood, metals, and stone into useful 
objects. 

The method of treatment of each branch is scientific, yet simple. First 
tu order comes the raw material worked upon, its characters, variations, 
and suitability. Then the tools used in working up the material are 
examined as to the principles on which their shape and manipulation are 
Wed, including the means adopted for keeping them in order, by grinding, 
tempering, filing, setting, handling, and cleaning, A third section, where 
ueeciwry, is devoted to explaining and illustrating typical exam pies of the 
work to be executed in the particular material under notice. Time the book 
farms a complete guide to all the ordinary mechanical operations; and 
whilst professional workmen will find in it many suggestions as to the 
direction in which improvements should be aimed at, amateur readers will 
be glad to avail themselves of the simple directions and ingenious devices 
by which they can in a great degree overcome the disadvantage of a lack of 
manipulative skilh 

To render the book still more useful to the emigrant and colonist, who 
often has only his own wits to depend on in building and repairing his 
home, several further chapters have been added, dealing with the enclosure, 
approaches, water supply, drainage, warming, lighting, and ventilation of a 

dwelling. 

In conclusion, hearty thanks are tendered to the many specialists whose 
writings have combined to give unusual value to the book. It is hoped that 
the following list is complete :— 

Sir J. Savile Lumley on bronze easting; J. Richards. T. D, West, 
W, H. Cooper, and Leander Clarke on iron founding and easting; Joshua 
ftnseou chisels, and hammering iron plates; Cameron Knighton black- 
-mithiug generally ; E. Kirk on soldering and burning; Dr. Anderson on 
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woods; Rev. A. Rigg and A. Cabe on carpenters’ tools; Grimshaw 
Hodgson on saws; Henry Adams on joints in woodwork; R. J. Palmer 
J. Cowan on dovetailing and dowelling; A. Yorke, E. Luckhurst, 

A. Watkins, on rustic constructions; D. B. Adamson on veneering; T.i 
Barnes on wood carving; J. Dalton on French polishing; J. Woodley 
brickwork; J. Slater on roofing; P. J. Davies on lead glazing; W. 
dmith on metal-working machine tools ; E. Lockwood on electric bells: 
telephones; R. W. Edis on paperhangings; Field on lighting; Eldridge 
gas-fitting; A. Walmisley on ventilation; Dr. Pridgin Teale on w 
“Notes on Building Construction, Part III., Materials”; Rev. J. 
Rivington on fresco painting; W. R. Corson on stairo; and R. Gam' * 
Bonsfield on house construction in Canada. Mention may also 
made of T. J. Syer, 45, Wilson Street, Finsbury, at whose wor 
amateurs can receive lessons in the manipulation of tools. Lastly, 
acknowledgment is due to the following technical journals, whose 
©sting columns always repay perusal, viz. American Artizan, 
Machinist, Builder, Building News, Cabinet-maker, Deutsche Ind 
Zeitung, English Mechanic, Industrial World, Iron Age, Plumber 
Decorator, Sanitary Record, Scientific American. 
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J>rawmg : baying and keeping iiulraments; drawing boards * acah ( 
tqaar** - paper ; uoontifig; mounting on linen \ pencilling ; erasing errors ; inking ; 

I teeUag straight-edge ; ii-iu^ parallel rule* ; using cum posses ; tint*, dimensions, nud centre 
[ baa*; title; nature of drawings; finishing a drawing; colours; .shading} colouring 
ir>:iiagi ; removing drawings from the board; mouutmg engravings; firing pencil draw- 
*oz* ; tnring^kiUi; tracing-paper; transfer-paper j copying drawings page* 1-13 

Cmtjng and Pounding: general outline of the operations. Brass and Bronte Casting : 
I rkmrtrt^ *>i the various alloys employed, reactions of the metnU on each other, mixing 
ti»r Hirt/iK effects of tempering; furnaces, their construction, means of producing 
■crmngiiU fuel, the ordinary cupoU, the ordinary mdtiug furnace, the circular melting 
icrsi^-^ the reverberatory furnace * crucibles; moulding; facing the moulds, filling the 
ta-nM*, moulding in wits* forma ptrthda method, castings ol‘ natural object*; casting. 
f*o;iQC the metiL temperature for pouring, escape of gases from the mould, ornaments 
ts. relief; tvfe>; making bronze figure*; using plaster pattern*, finishing the casting, 
btnwixing its surface, Japanese bronze*, inlaying on bronzes; casting gn cot perdue, the 
»~teJh jarpruducuon in was, formation of the core, constructing the lanthom, retouching 
arms bust, preparing the bust before making the cope, formation of the cope, firing 
U# Udck, the final casting in bronze. Jnm Founding: pa [tern-making, cures, shrinkage, 
t*p»r; (oob, crucible*, puts, moulding flasks, packing the flasks, damping them; easting 
[ tn mml, with and without core*; casting in loam ; forms of castings; examining castings 
m to quality and *aund(ie*»; shrinkage of iron castings; chilling iron castings ., 13-14 

Terming and Finishing : definition of the terms - t explanation of the technical phrasea, 
to make up a stock, fire iron*, rod, bar, plate, to take a heat, to finish at one hem, to draw 
bi«t, to draw away, to njenst, tcarflug, butt-weld, tongue-joint, to punch, to drift out, 
*ts« h^m merman, the tuyere or tweer ; forges or hearths; anvils ; vices and tongs ; 
kamnm ; cutting tool*, principle* and practices in making chisels; drilling and boring, 
o^tnnti n of drill* ; swaging took; surfacing tools, filing up, cleaning clogged files, 
j«U,h*ag l acrew-cutting tuols; forging; welding, wrought iron, steel, steel to wrought 
rnm x tempering. hardening, softening, annealing, the colour scale, case-hardening ; 
•umple* rtf imlths work,—making keys, bolts, nut*, tung*, hammer*, chisels, files, 
drift*, punches, spinners, wrenches; adjusting surfaces by hammering; red-lea J 
jwnti; rwrt joint*; riveting .. „ „ ,, .. ,, ,, 44-flO 

^ciideriag'; •older*, eomj*o*itmn and characters of these alloys; colouring solders to 
match metal*. Burning or AuttMjtmotis soldering ; adaptations of the process, application 
fc« pewter* brass east Inga, iron raftings, Move plate* ; burning seams in lead; the burning 
[ fwwnh me, air-vea*uls, h-1 lows, tubes, jets, wind guards. Cold totdmng: the flux, the 
•diir, application. Hard nAdcrmy various metals and objects. Soft walderintj z the 
mawler*, fj&tta, iruu*, and bits employed, and precautions needed. Generaiitiea , — including 
iU«vfi|»fs Uaipa, mechanical blowers, supports, tools, braziers* hearth, means of heating 
1 tka Iran ; iu*U on fluxes, spelter, commercial grades. of solder, cleaning impure sublet, 
■ —lit I 'tdfcg sHie and jralrafcized irau, §t.ddniag without an iron, soldering brass tu platinum. 
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»•‘Up ring brass wire, soldering brass to steel, mending cracked bell, sol do ring in 
steel, soldering silver, soldering glass to metal, soldering platinum nod gold, metidi 
saucepans, soldering brass, soldering pewters and compo pipes, laying sheet lead* m 
leaden pipe, gas for blowpipe work, blowpipe brazing .« „ ■ * ,, 9 

Sheet-metal working : useful characters of sheet metals* Striking out the pa 
—relations of circles, cones, cylindrical tubes. 7Ws t —mallet, cutting tools, flat 
tools, folding tools, forming tools. Wbrkfag the met ds, —seam less goods, bending, spin 
seamed goods, pi pea, cups, square bores, riveting,* *. », ,* 11 

Carpentry :—Woods : acacia, ake, alder, alerce, alerse, apple, a»h, assegai, beeches, b 
black wood, boxes, hroadleuf, bunya-bunya* cellars* cedar boom, cherry, chestnut, cy 
cypress pine, dark yellow'-wood, deal, deodar, dogwoods, doom boom, ebony, 
eucalyptus, fir, greenheart, gums, hickories, hinau, hinoki, hornbeam, boroeka, hoi 
ironbark, iron wood, jacks, jaral, jarmh, kaiwhiria, kamahi, kaovio, kauri, kohe 
kohutuhutu, kehwfli, larches, lignum-vitfc, locust-tree, mahoganies, mnire, nmire-taw 
uinko* mango, manuka, maple, mmgi-miogt, miro, monoao, mota, musk wood, 
migeswar, nanmu, uaugila, ueem, neinel, oaks, pai-ch‘ha, pear, persimmon, pines, 
pohutuknwa, poon, poplar, pukatea, purirl, pymma. pvnkado, rata, rewa-rewa, rohun 
wood, sabku, sal, satinwood, sawara, she pine, sissu, sneeze wood, spruces, stopper 
stringy-bark, sycamore, tamanu, tanekaha, Tasmanian myrtle, tawa, taw hat, teak, 
toon, totara, towai, tulip, walnuts, willow, yellow-wood, yew ; British Guiana woods; 
Natal, and Transvaal woods ; Ceylon woods; English woods ; Indian woods; New Ze 
woods; Queensland woods; Straits Settlements woods; Tasmanian woods; West ii 
woods; growth of wood ; felling; squaring; features; defects; selecting; classifies 
market forms; seasoning; decay; preserving; fireproofing; conversion; shrin 
composition; suitability; strength; measuring; prices. Tools: Guiding tools,— 
line, rule, straight-edge, squares, spirit level, plumb level, gauges, bevels, mitr 
compasses, callipers, trammel, shooting-board, bell-centre punch, combinations; Hi 
tools, — pincers, vices, clamps ; Rasping tools,—saws (principles, qualities selecting, 
filing, setting, sharpening, gumming; examples of teeth for cross-cuts, back-saws, 
tooth, buck-saws, web-saws, rip-saw*, circular saws, band-saws ; jig-saws, table for j 
circular saws, home-made fret-saw); files (principles, forms, using, sharpening); , 
tools,— chisels and gouges (principles, forms, using), spokes haves, planes {principles, n 
adjusting, using), sharpening methods (grindstones, oilstones), miscellaneous 
(circular plane, rounder, box scraper, veneer scraper, mitre-plane, combination til i 
adjustable dado) ; Boring tools,—awls, gimlets, lingers, bits and braces, drills, mis 
neous (angular bit stock, countersink, expansion bit, boring machine); Striking to 
hammers, mallets; Chopping tools,—ate* and hatchets (principles, using, form of ha 
form of cutting edge), adzes (curvature); Accessories,— bench, bench-stops, hold 
sawing rest, bench-vices; nulls, nail-punch, nail-pullers; screws, screw-driver* Co 
Toots ; wooden parts, iron parts, rust preventives, rust removers* CoasfrtAcfiba ; ji 
definition of carpentry and joinery, principles of joints, equal bearing, close join 
attains, classification of joints, classification of fastenings, lengthening joints, st rength 
joints, bearing joints, post and beam joints, strut joints, miscellaneous joints, faster 
keying, corner-piecing, mortising and tenoning, half-lap joint, dovetailing, blind dove 
mechanical aid* in dovetailing, dowelling, joining thin woods, glueing, hinging Ejm 
of Cdnstntcti rn t workshop appliances,—tool-chest, carpenters 1 bench, grindstone ra 
rough furniture,— steps, ladders, cask-cradle, tables, seats (box stool, 3-legged 
chairs), wash stand, bedstead, chest of drawers, dresser; garden and yard accessor 
wheelbarrow, poultry and pigeon house, hives, forcing frames, greenhouses, sum 
bouses, fences, gate*; house building,-—floors, roofs, doors, windows *. ,, T2fl 

Cabinet-making: —Hwxis; Amboyna, apple, ash, beech, heefwood, birch, box, earn 
canary, cedar, cherry, ebony, holly, king wood, lime, locust-wood, mahogany, maple 
/wrtridge-wood, pear, pine, plane, rose, sandal, satin, teak, tulip, walnut, zebra, 7 
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huud .. .. ..350-384 

Carving and Fretwork I — Carving: woods, — camphor, ebony, lime, mahogany, oak, 
pern - . *itii I si, sycamore, walnut, wild cherry, yew ; qualities of woud, staining, adaptability; 
tool*. their selection, qualities, use, sharpening; operations. Fretwork : woods * twoU ; 
operations., ,, ,* .» ,, 44 4P , t „ 386 -39ft 

Upholstery ; tools; materials; leather work,- — small chair ho t toned and welted, pi rift 
<«t*, easy chairs, settee* and couches ; hair cloth ; fancy coverings,—plain seats, buttoned 
Mils, * | if hi g edges, French easy chairs, needlework diairs; mattresses,—spring, tufted top, 
foldings «tu6Ted, French fillets; beds and! pillows ,, ,, *■ ,, 399-405 
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pristdi", frescoes, spirit fresco, preparing the ground, the pigment* admissible for colour- 
tag, preparation of the colours, production of delicate tints, the fixing medium ami its 
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scyptiui green, granites Italian jasper, royal red, 8f. Aim\ sienna, and verd antique 

SUfeAa .. 4P ,, 44 4 , , 4 .. .* ,, „ „ 405-433 
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rtsio-N black-board washes, blue stains, brown stains, ebujmlpg, floor staining, green 
toilju, grey stains, imitating rind darkening mahogany, oak stains, purple stains, red 
■ttuu, imitating sstinwood, violet stains, imitating and darkening walnut, and yellow 
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to'tbjtU adapted for plated goods, gold and silver leaf on wood, gold leaf ou meVivl; VmIV« 
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attempts to improve by bleaching the lac, a new evil thus introduced, action of solvents 
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range of temperature, state of the weather, reasons for its influence; general method of 
Wood polishing adopted in America; the processes carried on in first-class piano factories; 
collection of recipes for furniture creams, French polishes, reviving fluids, compounds for 
darkening furniture, wood-fillers, and mixtures for black woodwork, carvings, antique 
furniture, fancy woods, black and gold wot k, white and gold work, ; polishing wood* 
iu the In the, tnodiii cations to suit hard and soft woods; the Japanese lacquer shiunkei as a 
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using varnishes; ingredients of varnishes ; the principal resins and gums, their varnish- 
making qualifications; solvents and their suitability; driers and the objections to them ; 
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ntid tackle. White’s pulleys, Spanish bartons, mangle-wheel and pinion, fusee-chain and 
spring-box, frictional dutch-box, other kinds of clutch-box, throwing in and out of gear 
t he speed motion in lathes, tilt-hammer motion, ore-stamper motion, reciprocating rotary 
motion, continuous rotary motion converted into intermittent rotary motion, self-reversing 
motion, eccentrics, crank motions, cams, irregular vibrating motion, feed-motion of 
drilling machine, quick return crank motion of shaping machines, rectilinear motion of 
horizontal bar, screw bolt and nut, uniform reciprocating rectilinear motion, rectilinear 
motion of slide, screw stamping press, screw-cutting and slide-lathe motion, spooliug- 
t’mme motion, micrometer screw, Persian drill, rack and pinion, cam between friction 
roller! iu a yoke, double rack, substitute for crank, doubling length of stroke of piston- 
rod, feed-motion of planing ninehLues, fiddle drill, substitute for crank, bell-crank lever, 
motion used in air-pumps, Chinese windlass, shears for cutting metal plates lazy tongs, 
toothed sectors, drum, triangular eccentric, cam and rod, cam-wheel, expansion eccentric, 
rack and frame, band-saw, toggle-joint for punching machine, silk spooling motion, crank 
and fly-wheel, yoke-bar, steam-engine governor, valve motion, bell-crank, ellipsograph, 
dhow-lever, pawl and el bow-lever, crank-pin and bell-crank, treadle and disc, centrifugal 
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grooved drum; disc, crank-pin, and slotted connecting-rod; slotted crank, engine 
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worm-wheels, pin-wheel and slotted pinion, Geneva stop, stops for watches, cog-wheels, 
■ dJer motion in wool-corn hi ug machine*, ratchet and pawl, drag-link motion, expanding 
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chain and chain pulley, lantern-wheel stops, transmitted circular motion, inter* 
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katwuleV gearing , , ,, ,, .* *. .* „ 473-531 

tb* operation. Lathe*, mandrels, chucks, poppet-heads, rests, supports, boring 
*"***> irii* frames, self-acting slide-rest, poppet-heads for self-acting lathes, complete 
foot-lathe, single-gear foot-lathe, compound slide-rests; hints on lathe maul 
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MECHANIC AL DRAWING.—A knowledge of ike method of mak mg working 
drawings, wmJ a capability of inkiprttin^ them correctly and with facility, are essential 
«|ObII£culiona In a mechanic, ua ulmoat all work, unless that of a wry simple character, 
I# 6r»t drawn to ictle, and then carried out in detail according to the drawing. The 
£ .Dens in £f obaervaturns on the subject arc mainly rendtjnsed from Bicliards* 1 Workshop 
limn isolation/ and the first and second aeries of Binna T * Orthographic Project inn.* 

The implements reqnired by the draughtsman Include drawing Wrda, sea lea, square*, 
ruling pcu% pencils, Indian ink, paper, iDdiarubhcr, and water-colours. 
[iit'jiny a »»<i Ktrpimj Instrument #.—FurvOtif with limited means will find it bi tter to 
pnw-urtj gool instrument* separately of any respectable maker, Stanley of HolWn, and 
iL^riiLig of Finsbury, for instance, ns they may tie able to afford them, than to put cli mo 
* cvKiipWtc net of inferior iiihtrumciita in a case. Instrument* may be carefully preserved 
bf isvrt&y rolling Litem up in a piece of wash-leather, leaving space h tween them that 
tbry may not rub each other; or, wind is better, having some loops sewn on the leather 
V-< slip each instrument separably under, 

fwardi,—You may procure 2 drawing-boards, 42 in. long and 30 in. wide, to 
mriitt *• double elephant n paper. Have the boards plain, without deeta, or ingenious 
tjefirotrs f"f fastening the paper; they should bo made from thoroughly seasoned wood, 
oit It a*I I } in. thick, us if thinner they will not be heavy enough to resist the thrust of tho 
T — i'u*ri i» The qualities a good drawing-board should possess are, an equal surface, 
which *h *uhl l*e slightly roaitdctl from the edges to the centre, in order tlint thedmwing- 
f«p*.r w htft stretched upon it may present a solid surface; and that the edges should bo 
prrf*rily straight, and at right angles to each other. With 2 boards, one may be mod 
far sketch tig and drawing details, which, if done on the same sheet with elevations, 
tho paper, and ts apt to lower the standard of the finished drawing by what 
tsmj be at]ltd bad awaciation. Details and sketches, when mode on a separate sheet, 
jlaMiItl be to a larg' r scale t linn elevations. I5y changing from one scale to another, tho 
mind is* wcbtoled iu projioftion, and the Conception of si res and dimensions i* more apt 
V> falloir the flubbed work to which thediowings relate* 

y*eut £§f n working to regular scale*, such us -J , or ^ size, a good plan is to use a 
common rale, instead of u graduated scale. Them is nothing more convenient for a 
tejrcLani^l drawgbtainan than to bcuble to readily revive dimensions into vartuUs scales, 
azvl tli*' use of a common rule for fractional scales trains the mind, so that computations 
pir.< naturally, and aJVr a lime almost without effort. 

V dyoona—A plain T-wjUttru, with a parallel blade fastened oq tho aide of the head, 
Lut not mix died into it, U the It si; iri thbt way set squares cun be passed over thu 
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head of A T-square in working at the edges of the drawing. It is strange that a drawfdj 
square should ever have been mode in any other manner than this, and still more stnogq 
that people will use squares that do not allow the set squares to pass over the heads sad 
come near to the edge of the board. A bevel square is often convenient, but should bt 
an independent one; a T-square that has a movable blade is not suitable for genets! 
use. Combinations in drawing instruments, no matter what their character, should b 
avoided. For set squares, or triangles, as they are sometimes called, no material is m 
good as ebonite; such squares are hard, smooth, impervious to moisture, and conbtrt 
with the paper in colour; besides, they wear longer than those made of wood. For 
instruments, it is best to avoid everything of an elaborate or fancy kind. Proem* 
only such instruments at first as are really required, of the best quality, and then *d& 
others as necessity may demand; in this way, experience will often suggest modificatwsn 
of size or arrangement that will add to the convenience of a set. 

Paper .—The following table contains the dimensions of every description & 
English drawing-paper. 



In. 

In. 


In. 

In. 

Demy .. 

.. 20 

by 15 

Columbier 

34 

by 23 

Medium 

.. 22 

17 

Atlas . 

33 

, 28 

Royal 

.. 24 

„ 19 

Double Elephant 

40 

26 

Imperial.. 

.. 31 

,, 21 

Antiquarian .. 

52 

. 29 

Elephant 

.. 27 

„ 23 

Emperor. 

68 

„ « 


For making detail drawings an inferior paper is used, termed Cartridge; thi® 
answers for line drawings, but it will not take colours or tints perfectly. Continmm* 
cartridge paper is &1bo much used for full-sized mochanical details, and some other 
purposes. It is made uniformly 53 in. wide, and may be had of any length by the yaxd. 
up to 300 yd. For plans of considerable size, mounted paper is used, or the drawing* 
are afterwards occasionally mounted on canvas or linen. 

Mounting .—In mounting sheets that are likely to bo removed and replaced, for tha 
purpose of modification, as working drawings generally are, they can be fastened r&f 
well by small copper tacks driven in along the edges at intervals of 2 in. or less. Tha 
paper can be very slightly dampened before fastening in this manner, and if the opeis- 
fion is carefully performed the paper will be quite as smooth and convenient to work 
upon as though it were pasted down; the tacks can be driven down so as to be find* 
with, or below the surface of, the paper, and will offer no obstruction to squares. If a 
drawing is to be elaborate, or to remain long upon a board, the paper should be pasts! 
down. To do this, first prepare thick mucilage, or what is better, glue, and hare ifc 
ready at band, with some slips of absorbent paper 1 in. or so wide. Dampen the sheet 
on both hides witli a sponge, and then apply the mucilage along the edge, for a width, 
of in. It is a matter of some difficulty to place a sheet upon a board; but if tbs 
board is set on ils edge, the paper can bo applied without assistance. Then, by putting 
the strips of paj>er along the edge, and rubbing over them with Borne smooth htf! 
instrument, tlu* edges of the sheet can be pasted firmly to the board, the paper slip® 
taking up a part of the moisture from the edges, which are longest in drying. If 
in this condition, the centre will dry first, and the paper bo pull© 1 loose at the edges bf 
contraction before the paste has time to dry. It is therefore necessary to pass over tW 
centre of the sheet with a wet sponge at intervals to keep the paper slightly damp un$ 
the edges adhere firmly, when it can be left to dry, and will be tight and smooth. 0®* 
of the most common difficulties in mounting sheets is in not having the gum or gl® 
thick enough; when thin, it will bo absorbed by the wood or the paper, or is too long 
drying. It should be as thick a9 it can be applied with a brush, and made from dp* 
Arabic gum, tragacanth, or fine glue. Thumb-tacks are of but little use in mechani# 
drawing except for tho moat temporary purposes, and may very well bo dispensed wi 1 
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•^together; they injure the drawing-boards, obstruct the squares* ami disfigure the 

Anti 

fihmniing on Limn *— The linen or cal too is first stretched by tacking it tightly on a 
truirtfct Wrd. It h ihaxi thoroughly eoaiod with strong mm t and left tin tit nearly dry. 
Tt* <lu* t of paper to be mounted requires to be well covered with paste; this will be 
Wt if doue twice* Wvitig the first coat about 10 minutes to soak into the piq*er. After 
apply mg the wcond coat, place the paper oil the linen, and dab it all over with a dean 
I *1 j41l Cut off when thoroughly dry. 

Pmrilling .—This is the first ami the most important operation in drawing; moro 
ikiit a required; to produce neat pencil-work than to ink in the lines after the pencilling 
brktfie. A beginner, unless be exercises great ears in the pencil-work of a drawing, 
Will have Lite disappointment to find Hit [iujwt soon becoming dirty, and the pencil lines 
crowing ewk other everywhere, so an to give the whole a slovenly appearance, lie will 
*K unless he cradentaxids the nature of tho operations in which he in engaged, make 
'i* mutnkc of regarding the pencil-work as an unimportant part, instead of constituting, 
eiiddSh tW main draw ing, and thereby neglect that accuracy which alone cun rnnko 
wtlier a good-looking or a valuable one. Pencil-work U indeed the main operation,, the 
iumg being merely to give distinctness and permanency to the lines. The main tiling 
a Jsadllmg is accuracy of dimensions and stopping the lines where they should ter- 
■ante without crossing others. The beat pencils only are suitable for drawing ; if tho 
tvcTahigq (graphite) 1 m not of the best quality, the points require to bo continually 
ibupfUtd, ami the pencil is worn away at a rate that more than makes up the difference 
least between the finer and cheaper grades of pencils, to say nothing of the effect 
opu a drawing. It la common to uso a flat point for drawing pencils, but a round one 
till *>A#<n be found quite m g^i if the pencils are fine, and some convenience is 
fii&td by a round point for freehand use in making r minis and fillets. A Faber 
prced, that baa detachable points which can he act out os they are worn away, is 
wrcnltot, F**r cotupaines, the lead points should bo cylindrical, and fit into a metal 
•Ifoth without paper packing or other contrivance to hold them ; and if a draughtsman 
lily ill ■innifi not arranged in Hus manner, bo should have them changed at once, 
l<tU fnr convenience and economy. If the point is intended fur sketching, it U rut 
aptlly from all sides, to produce a perfectly acute cone. If this bo used for line 
<k*fin$, tlie tip will be easily broken, or otherwise it soon wears thick; thus, it is 
fewh Witef fr«r lire drawing to have t\ thin Hat point. Tho general manner of pra¬ 
wning: is, Hot, to cut the [n'Ucil, fmui 2 sides only, w ith a long slope, un as to produce 
tilnl id chisel-cud, and afterwards to cut the other tides away only sufficient to bo 
ei tri round the fir?t edge a little. A point cut in the manner described may he kept 
i «g*>d tied, t foreome time by pointing the lead upon a small piece of fine sandstone or 
riuajnq^r; this will be less trouble than the continual application of the knife, 
vurti i» s|wars liable to break the extreme edge, 

tnuimj Errors .—To erase Cumberland-lend pencil marks, native or bottle iodia- 
rakW answers perfectly. This* however, will tint entirely erase any kind of German 
"f-'iWmanufactured pencil mark*. What is found best for this purpose is fine vul- 
a&tcd india-rubber * this, besides being a more powerful eraser, has also tho quality of 
clean, os it frets away with the friction of rubbing, nml presents a continually 
surface to the drawing; the worn-off particles produce a kind of dust* cosily 
•t^tosy. Vulcanised rubber to also extremely useful for cleaning off drawings, as 
11 mil remove any ordinary shun. 

Fcf erasing ink hoes, the point of a penknife or erasing knife is commonly used. A 
I Kdhtift moans is to employ a piece of fine glass-paper, folded several times, until it 
round edge; this leaves the surface of the paper in much better order to draw 
tjo tkm it is left from knife erajuiroa. Finn size applied with a brush will he found 

dunum! U* prevent colour running. 
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To produce finished drawings, it is necessary that no portion should be 
otherwise the colour applied will bo unequal in tone; thus, when highly finish 
chanical drawings are required, it is usual to draw an original and to cop; 
mistakes are almost certain to occur in delineating any new machine. Where so 
time cannot be given to draw and copy, a very good way is to take the surface 
paper with fine glass-paper before commencing the drawing; if this be done, the 
will flow equally over any erasure it may be necessary to make afterwards. 

Where ink lines are a little over the intended mark, and it is difficult to eras 
without disfiguring other portions of the drawing, a little Chinese white or flak 
mixed rather dry, may be applied with a fine sable-brush; this will reuder i 
defect much less perceptible than by erasure. 

Whenever the surface of the paper is roughened by using the erasing knife, it 
be rubbed down with some hard and perfectly clean rounded instrument. 

Inking .—Ink used in drawing should always be the best that can be procured; i 
good ink a draughtsman is continually annoyed by on imperfect working of pe 
the washing of the lines if there is shading to be done. The quality of ink can < 
determined by experiment; the perfume that it contains, or tin-foil wrappei 
Chinese lubels, are no indication of quality; not even the price, unless it b 
some first-class house. It is better to waste a little time in preparing ink 
than to be at a continual trouble with pens, which will occur if the ink is j 
too rapidly or on a rough surface. To test ink, a few lines can be drawn on the: 
of a sheet, noting the shade, how the ink flows from the pen, and wheth 
lines are sharp. After the lines have dried, cross them with a wet bru 

they wash readily, the ink is too Buft; if they resist the water for a tin 

then wash tardily, the ink is good. It cannot be expected that inks solu 
water can permanently resist its action after drying; in fact, it is not dc 

that drawing inks should do bo, for in shading, outlines should be blende 

the tints where the latter are deep, and this can only be effected by washing. Pei 
generally fill by capillary attraction; if not, they Bhould be made wet by being 
into water. They should not be put into the mouth to wet them, as there is 
of poison from somo kinds of ink, and the habit is not a neat one. In using rulinj 
they should be hold nearly vertical, leaning just enough to prevent 
from catching on the paper. Beginners have a tendency to hold pens at 
angle, and drag them on their side, but this will not produoe clean sharp lin 
allow the lines to be made near enough to the edges of square blades 
squares. The pen should be held between the thumb and first and second 1 
tho knuckles being bent, so that it may be at right angles with the length of the 
The ink should be rubbed up fresh every day upon a clean palette. Liquid i: 
other similar preparations ore generally failures. The ink should be moderately 
so that the pen when slightly shaken will retain it £ in. up the nibs. The pen is si 
by breathing between the nibs before immersion in the ink, or by means of a small 
hair brush; tho nibs will afterwards require to be wiped, to prevent the ink goin 
the edge of the instrument to be drawn against. The edge used to direct the pen 
in no instance be less than in. in thickness ; ^ in. is perhaps the best If tl 
be very thin, it is almost impossible to prevent the ink escaping upon it, with tin 
risk of its getting on to the drawing. Before putting the pen away, it sho 
carefully wiped between the nibs by drawing a piece of folded paper throug 
until they are dry and clean. 

With all forms of dotting pen a little knack is required in using. If straigl 
are to be produced, it is advisable to lay a piece of writing paper right up to th 
where the line is intended to commence. By this means it is readily discoverec 
pen is working well. It also avoids a starting-point on the drawing, which vei 
wonly leaves a few dots running into each other. For drawing circles with the 
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pen, fixed la tbs compos, the same precaution k necessary* The paper nmy be pushed 
inode Eta soon as it comes in the way of completing the circle* Another necessary pre¬ 
caution with dotting pens is not to stop during the production of a lino. In all dotting 
pen* Ibo rowels have to bo made rather loose to run freely, and by this cause are liable 
to wobble: to avoid this, the pen should be bold slightly oblique to the direction of the 
bias m w to mn the rowel against one nib only. 

Testing Straightedge. —Lay the straight-edge upon a stretched sheet of paper, placing 
weights upon it to hold it firmly ; then draw a line against the edge with a needle in n 
bolder, or a very fine hard pencil, held constantly vertical, or at one angle to the paper, 
Unig careful to use as light pressure as possible. If the straight-edge bo then turned 
over to the reverse side of the line, and a second line be produced in a similar manner 
to t!>e first> at about ^ in, distance from it, any inequalities in the edge will appear by 
the difference* of the distances in various parts of the linos, which may be measured 
by spring dividers. Another method will be found to answer well if S at might-edges 
are at band: Ihb method is used in making the almight-edge. Two straight-edges are 
Idd together upon a fiat surface, and the meeting edges examined to see if they touch 
maO parts, reversing them in every possible way. If these appear perfect, a third 
#traight-edge is applied to each of the edges already tested, and if that touch it in all 
parts the edges are all perfect It may be observed that tho first two examined, although 
they touch perfectly, may be regular curves; but if so, the third edge applied will 
detect the curvature. 

17V«0 ParaUd Rule *— One of the rules is pressed down firmly with the fingers, while 
the other is moved by tbo centre stud to the distances ut which parallel lines nro 
riquimh Should the bars not extend a sufficient distance for a required parallel line, 
me rule Is held firmly, and the ether shifted, alternately, until tho distance is reached* 

Uring Cvmpaaes .—It is considered beet to place the forefinger upon the head, and to 
move the legs within tho second finger and thumb* In dividing distances into equal 
j*ut*s it ia beat to hold the dividers as much as possible by the head joint, after they 
are aet to the required dimensions; as by touching tho legsi they arc liable to change, if 
ths joint moves softly, as it should. In dividing a line, it is better to move the dividers 
alternately ulmve and below the line from each point of division, than to mil them 
oi*r ©ontinuatly in one direction, as it saves the shifting of the fingers on the head of 
tii* dividera. In biking off distances with dividers, it is always better, first to open 
tin in a little too wide, and afterwords dose them to the point required, than set them by 
opening* 

Iinh, Dtiiteiwr'on*, and Centre Line *.— A drawing being inked in, the next things are 
tintx, dimensions, ami centre lines, Tho centre line should he in red ink, and pass 
through oil points of the drawing that have an axial centre* or where the work is similar 
ini 1 1 balanced on each Bide of tbo line. This rule is a little obscure, but will be best 
umb rstood if studied in connection with the drawing. 

Dimension Lines should be in blue, but may be in Ted, Where to put them is a 
great point in drawing* To know where dimensions are required involves a knowledge 
**1 aired by practice. The line* should be fine and clear, leaving a space in their centre 
for figures when there is room. The distribution of centre lines and dimensions over a 
ilrwwing must bo carefully studied, for the double purpose of giving it a guod appear- 
iDfic and to avoid confusion* Figures should be made like printed numerals: they are 
much bettor understood by the workman, look more artistic, and wht n once learned 
m|itlr« but little if any more time than written figuros. If tho scale employed is foot 
and iiWn n dimensions to 3 ft should bo in inches, and above this in foot and inches; 
this oorreeponda to shop custom, and is more comprcbcnsiblo to tho workman, however 
wring il may be according to other standards. 

In shading drawings, bo careful not to use too deep tints* and hi put tbe shades 
in tho right place. Many will contend, and pot without good reason*, that 
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drawings require no shading; yet it will do no harm to learn how and where they 
be shaded: it is better to omit the shading from choice than from necessity, 
tions must, of course, be shaded—with lines is the old custom, yet it is certain 
tedious and useless one; sections with light ink shading of different colours, to indi 
the kind of material, are easier to make, and look much better. By the judic 
arrangement of a drawing, a large share of it may be in sections, which in ah 
every case aro the bast views to work by. The proper colouring of sections g 
a good appearance to a drawing, and makes it “ stand out from the paper." In shac 
sections, leave a margin of white between the tints and the lines on the upper and ] 
hand sides of the section: this breaks the connection or sameness, and the effet 
striking; it separates the parts, and adds greatly to the clearness and general app 
anoe of a drawing. 

Cylindrical parts in the plane of sections, such as shafts and bolts, should be dn 
full, and have a “round shade,” which relieves the fiat appearance—a pointtc 
avoided as much as possible in sectional viows. 

Title .—The title of a drawing is a feature that has much to do with its appearai 
and the impression conveyed to the mind of an observer. While it can add nothin! 
the real value of a drawing, it is so easy to make plain letters, that the apprentic 
urged to learn this as soon as he begins to draw; not to make fancy letters, nor ind( 
any kind except plain block letters, which can be rapidly laid out and finished, and c 
sequently employed to a greater extent. By drawing 6 parallel lines, and makin 
spaces, and then crossing them with equidistant lines, the points and angles in bl 
letters are determined; after a little practice, it beoomes the work of but a few mini 
to put down a title or other matter on a drawing so that it can be seen and read i 
glance in searching for sheets or details. In the manufacture of machines, there 
usually so many sizes and modifications, that drawings Bhould assist and determine i 
large degree the completeness of classification and record. For simplicity sake i 
well to assume symbols for machines of different classes, consisting generally of 
letters of the alphabet, qualified by a single number as an exponent to designate cap* 
or different modifications. Assuming, in the case of engine lathes, A to be the syn 
for lathes of all sizes, then those of different capacity and modification can be represei 
in the drawings and records as A 1 , A*, and so on, requiring but 2 characters to indica 
lathe of any kind. These symbols should be marked in large plain letters on the left-h 
lower corner of sheets, so that any one can see at a glance what the drawings relat* 
When the dimensions and symbols are added to a drawing, the next thing is patter: 
catalogue numbers. These should be marked in prominent, plain figures on each pi 
either in red or other colour that will contrast with the general face of the drawing. 

Nature of Drawings .—Isometrical perspective is often useful in drawing, especi 
in wood structures, when the material is of rectangular section, and disposed at r 
angles, as in machine frames. One isometrical view, which can be made ne&rl) 
quickly as a true elevation, will show all the parts, and may be figured for dimens 
the same as plane views. True perspective, although rarely necessary in mechan 
drawing, may be studied with advantage in connection with geometry; it will often ] 
to the explanation of problems in isometric drawing, and will also assist in free-h 
lines that have sometimes to be made to show parts of machinery oblique to the regi 
planes. 

Geometrical drawings consist of plans, elevations, and sections; plans being viewi 
the top of the object in a horizontal plane; elevations, views on the sides of the ob 
in vertical planes; and sections, views taken on bisecting planes, at any angle thro 
an object. 

Drawings in true elevation or in section are based upon fiat planes, and gi 
dimensions parallel to the planes in which the views are taken. 

Two elevations taken at right angles to each other fi* all points, and give 
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of parta that have their axta parallel to the planes on which the views are 
t when n machine is complex, or when several parts lie in the seme plane, 3 
meat 4 view# are required to display all the parts in a comprehensive manner* 
lk*il drawing# should bo made with reference to nil the proeessoB that are 
1 \\m const rucf.jrm of the work, and the drawings should he responsible, not 
imcnsiona, but for mmeteasary expense in fitting, forging, pattern-making, 

, and bo on* 

jmrt laid down has something to govern it that may bo termed a H base ,p — 
iitioti of function or position which, if understood, will auggejt si sec, shape, and 
* other parts. By searching alter a bn*e for each and every port and dclail, 
;human proceeds upon a regular system, continually maintaining a feat of what 

ntig a Drmrirtg ^—While to flni&k a drawing w ithout any error or defect should 
mghtonuufs object, ho should never be in hnstn to reject a damaged drawing, 
i exercise his ingenuity to see liow far injuries douo lo it may by remedied* 
•e a drawing once b gun ; and since prevention is easier nod better than euro, 
urk calmly, inspect nil instruments* hands, and aleeveo, that may touch a 
before cominmicing an operation ; let thy paper, instruments ami person be 
i, and when cmutidemble time is to be spent upon a portion of the paper, let 
n-fer be covered with waste puj^r, posted to one edge of the board. For the 
ling of tbe drawing, stale bread, or Ibe old-fashioned block in din rubber, if not 
good; but, aside from the CAfekflsticut of ever allow ng a diawing to get very 
flue drawing will be injured, more or less, by any mean* of removing a 
ic ■ pi utility of dirt from it* Another excellent means of preventing injur! *, 
mid be adopted when the drawing u worked upon only at intervals, is to 
board, when not in use, in a bug of enamelled cloth or other lino material. 
r> —For colouring drawings, the most soluble, brilliant, mid transparent wafer- 
r n^wl: this particularly applies to pinna and sections. The colour is not so 
nifed to npresent that of the material to ho used in the construction* as to 
une material from another employed on the saint* work* The following 
the colours majt employed by the profession:— 


nine nr Crimson Lake 
sian Bhio .. .* 

riisn Bed .. . 

'tCiMuirm.** 

Su'iiuii *, 

3t Sienna 

4ii Yellow *. 
oc Bad *. - 

t ■* ► »» i, *» * 

al Umber. 

*'• Gray. 

i Cadmium*. 


For brickwork m plan or sect ion to be extycukwL 
iFlintwnrk, had, or parts of brickwork to he 
{ removed by alterations. 

Brickwork in elevation* 

Granite* 

English timber (not oak)* 

Oak, teak* 

Ftr timber. 

Mahogany. 

Concrete works, stone. 

Clay, earth. 

Cost inm, rough wrought Iron, 

Gun metal. 


* with a little Lake 


Brass* 

Wrought iron (bright;* 
Steel (bright). 


(Green.* ** .. Meadow land. 


t Ulus 


Sky effects* 


And tforne few others oKSisionally for special purposes* 

phi ns of estates, the colours that appear natural are mostly adopted, 
*j he jr duced by comhining the above, Lie rations and perspective 
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Are also represented in natural colours, the primitive colours being mixed and varied bj 
the judgment of the draughtsman, who, to produce the best effects, most be in some 
degree an artist. 

Care should be taken in making an elaborate drawing, which is to receive colour, 
that the hand at no time rest upon the surface of the paper, as it is found to leave a 
greasiness difficult to remove. A piece of paper placed under the hand, and if the square 
is not very clean, under that also, will prevent this. Should the oolours from any cause, 
work greasily, a little prepared ox-gall may be dissolved in the water with which the 
colours are mixed, and will cause them to work freely. 

Shading. —For shading, camel- or sable-liair brushes, called softeners, are generally 
used: these have a brush at each end of the handle, one being much larger than the 
other. The manner of using the softener for shading is, to fill the smaller brush with 
colour, and to thoroughly moisten the larger one with water; the colour is then laid upon 
the drawing with the smaller brush, to represent the dark portion of the shade, and 
immediately after, while the colour is quite moist, the brush that is moistened with 
water is drawn down the edgo intended to be shaded off; this brush is then wiped upon 
a cloth and drawn down the outer moist edge to remove the surplus water, which will 
leave the shade perfectly Boft. If very dark shades are required, this has to be repeated 
when tho first is quite dry. 

To tint largo surfaces, a largo camel-hair brush is used, termed a wash-brush. Tho 
manner of proceeding is, first, to tilt the drawing, if practicable, and oommence by 
putting tho colour on from tho upper left-hand corner of the surface, taking short strokes 
tho width of the brush along the top edge of tho space to be coloured, immediately fol¬ 
lowing with another line of similar strokes into the moist edge of the first line, and so 
on as fur as required, removing tho last surplus colour with a nearly dry brush. Tho 
theory of the above is, that you may perfectly unite wet oolour to a moist edge, althonglm 
you cannot to a dry edge without showing tho juncture. For tinting surfaces, it is well 
always to mix more than sufficient colour at first. 

Colouring Tracings.— It is always best to colour tracings on the back, as the ink lines 
are liable to be obliterated when the colour is applied. Mix the colours very dork, so 
that they may appear of proper depth on tho other side. If ink or oolour does not rua 
freely on tracing cloth, mix both with a little ox-gall. 

Removing Drawings from the Board. —Make a pencil line round the paper with th<* 
T-squaro at a sufficient distance to clear the glued edge, and to cut tho paper with * 
penknife, guided by a stout ruler. In no instance should the edge of the T-square bo 
used to cut by. A piece of hard wood $ in. thick by 2 in. wido, and about the length 
of the paper, forms a useful rule for the purpose, and may be had at small cost. The 
instrument used for cutting off, in any important draughtsman’s office, is what is termed 
a stationers' rule, which is a piece of hard wood of similar dimensions to that jnst 
described, but with the edges covered with brass. It is necessary to have the edge 
thick, to prevent the point of tho knife slipping over. Either of the above rules will 
also answer to turn tho edge of the paper up against when glueing it to the board. 

Mounting Engravings.— Strain thin calico on a frame, then carefully paste on the 
engraving so as to be free from creases; afterwards, when dry, give 2 coats of thin size 
(a piece the size of a small nut in a small cupful of hot water will bo strong enough) ; 
finally, when dry, varnish with white hard varnish. 

Pencil Drawings , to fix. —Prepare water-starch, in tho manner of the laundress, of 
such a strength os to form a jelly when cold, and then apply with a broad camcl-hair 
brush, as in varnishing. The same may be done with thin, cold isinglass water or siie, 
or rice water. 

Tracing-cloth. —Varnish tho cloth with Canada balsam dissolved in turpentine, to 
which may be added a few drops of castor-oil, but do not add too much, or it will not 
4*7' Try ft little piece first yritb a small quantity of y^rnis!*. The of $)oth to flW 
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do not let the varnish be too thick, Sometimes difficulties are encountered 
ig upon cloth or calico*especially in making it take the ink. In the tot place, 
should b® made in a warm room, or the cloth will expand and become flabby, 
of glaze may be removed by rubbing the surface with a chamois leather, on 
little powdered chalk lias been strewn ; but this practice poasestea the 
of thickening the ink* besides, it might Le added, of making scratches 
from the effect of the tracing. The use of ox-gall, which makes the ink 
oho the disadvantage of frequently making it “ran/* while it also ohatigee 
of the colaurs. The following is the process recommended : Ox-galI is filtered! 
» filter f>aper aTTangcd over a funnel, boiled, and strained through fine linen, 
the scum and other impurities. It is then placed again on the fire, ami 
■4 chalk is added. When the effervescence censes, the mixture if again filtered, 
g a bright colourless liquid, if the operation has been carefully performed. A 
two may be mixed with the Indian ink. It also has the property of effacing 
.cit marks. When the doth tracings have to be holiograpbed, raw denim is idsn 
a the ink, as this colour unites with it moat intimately, besides intercepting the 
amount of light. 

ifaj-jwjwr.— (1) A Oeraum invention has for its object the rendering more or less 
■eat of paper used for writing or drawing, either with ink, pencil, or crayon, and 
give the paper such a surface that such writing or drawing may bo completely 
1 by washing, without in any way injuring the paper. The object of making the 
urioluccnt is that when used in schools the scholars can trace the copy, and thus 
nufinetit iu the formation of letters without the explanations usually necessary ; 
ia_y also be 1 used in any place where tracings moy be required, as by laying the 
rer lbs object to bo copied it can bo plainly seen. Writing-paper is used by 
it* preparation consisting in first saturating it with benzine, and then 
itely coating the paper with a suitable rapidly-drying varnish before the benzine 
rate. The application of varnish is by preference made by plunging the paper 
th of jt, but it may be applied with a brush or sponge. The varnish is 
of the following ingredients;—Boiled bleached linseed-oil, 20 lb,; lead 
fi, 1 lb.; xinu oxide, 5 lb.; Venetian turpentine, | lb. Mix, and boil 8 boon, 
idling, strain, and add 5 lb, white copal and £ lb. aandanush. (2) The following 
method of preparing tracing-paper for architectural or engineering 
:—Take common tissue- nr cap-paper, any mm of sheet; lay each sheet on a 
and sponge over (one side) with the following, taking care not to miss any 
th* surface:—Canada bulanm, £ pints; spirits of turpentine, 3 pints ; to which 
drops of old nut-oil; a sponge is the bed instrument for applying the mixture, 
fakmld he used warm. As each sheet is prepared, it should bo hung up hi dry 
cools stretched tightly and parallel, about 8 in, apart, to prevent the lower 
if the paper from coming in contact. As soon us dry, the sheets should bo 
y rolkd on straight and smooth wooden rollons covered with paper, about 2 in. 
The sheets will be dry when no Btackiuces can be felt. A little practice 
ablu any one to make good tracing-paper in this way at a moderate rate. Tha 
ifcion gives substance to the tissue^ paper. (3) You may make paper sufficiently 
twit for tracing by saturating it with spirila of turpentine or benzoline. As 
tbs paper continues to be moietciied with either of those, you can carry on your 
; when the spirit has evaporated, the paper will be opaque. Ink or water- 
may bo used on the surface without running, (I) A convenient method for 
unlinary drawing-pa pr transparent for the purpose of making tracings, and 
ring its transparency, so as to restore its former appearance when the drawing 
'Iwtiti, has been invented by Poacher. It consists iti dissolving a given quantity 
w*<iil in l. 2, or 3 volumes of absolute alcohol, according to tire thiekocM 
And applying it by means ot u sponge. The alcohol evaptaVee \w w 
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minutes, ami the tracing-paper is dry and ready for immediate use. The drawing m 
tracing can be mode cither with lead-pencil or Indian ink, and the oil removed from the 
paper by immersing it in absolute alcohol, thus restoring its original opacity. The 
alcohol employed in removing the oil is, of course, preserved for diluting the oil used 
in preparing tho next sheet. (5) Put \ oz. giim-mustio into a bottle holding 6 oz. best 
spirits of turpentine, shaking it up day by day; when thoroughly dissolved, it isresdy 
for use. It can be made thinner at any time by adding more turps. Then take some 
sheets of the bcBt quality tissue-paper, open them, and apply the mixture with a small 
brush. Hang up to dry. (0) Saturate ordinary writing-paper with petroleum, and 
wipe tho surface dry. (7) Lay a sheet of fine white wove tissue-paper on a clean board, 
brush it softly on both sides with a solution of boeswax in spirits of turpentine (agy 
about } oz. in £ pint), and hang to dry for a few days out of the dust. 

Traw/er-paper.—(1) Rub the surface of thin post or tissue-paper with graphite 
(blacklead), vermilion, red chalk, or other pigment, and carefully remove the excea of 
colouring mutter by rubbing with a clean rag. (2) Rub into thin white paper a 
mixture of (3 parts lard and 1 of beeswax, with sufficient fine lampblack to give it s 
good colour; apply the mixture warm, and net in excess. (8) Under exactly the same 
conditions use a compound consisting of 2 oz. tallow, £ oz. powdered blacklead 
(graphite), £ pint linseed oil, and enough lampblack to produce a creamy consistence. 

Copying Drawings .—Apart from the mechanical operation of tracing, there are 
several methods by wdiich facsimile copies of drawings can bo produced with a very 
slight expenditure of labour and at smull cost. These will now be described. (1) Cyano- 
type, or ferro-prussiute paper. This is prepared by covering one side of tho sheet with 
a mixture of red pruss-iate of potash (potassium ferroevanide) and iron peroxide; muter 
the inlluenco of light, i. e. under the white portions of the drawing to be copied, the 
ferric compound is reduced to the stato of a ferrous salt, which gives with the rfd 
priis-siato of potash an intense blue coloration, analogous to Prussian blue. This 
coloration is riot produced in the portions of the sensitive paper protected from the 
light hy the black lines of the drawing to bo copied, and on washing the print the 
design appears in white lines on a hluo ground. Tho formula for preparing the sensitira 
paper is as followsDissolve 10 dr. red prussiato of potash (ferroevanide) in 4 m. 
water; dissolve separately 15 dr. amnionio-citrate of iron in 4 oz. water; filter the 
2 solutions through ordinary filtering-paper, and mix. Filter again into a large flat 
dish, and float each sheet of paper to bo sensitised for 2 minutes on the surfaoe of the 
liquid, without allowing any of this to run over the back of the paper. Hung up the 
sheets in a dark placo to dry, and keep from light and dampness until used. They will 
retain sensitiveness for a long time. The paper being ready, the copy is easily made. 
Procure either a heavy sheet of plate glass, or a photographer's printing frame, and ley 
the drawing to be copied with tho face against the glass; on the back of the drawing, 
lay the prepared side of tho sensitive jmjier, place upon it a piece of thick feli,*^ 
replace tho cover of tho printing frame, or in some other way press the felt and par* 1 
firmly against the gla&s. Expose, glass side up, to sunshine or diffused daylight, for* 
time, Yurying, with the intensity of the light and the thickness of the paper bearing the 
original drawing, from miuutos to hours. It is better to give too much than too littls 
exposure, as tho colour of a dark impression can be reducod by long washing, while* 
feeble print is irremediably spoiled. By leaving a bit of tho sensitive paper projecting 
from under the gluss, tho progress of the coloration can be observed. When the e*' 
posuro has continued long enough, tho frame is opened and tho sensitive sheet is with* 
drawn and thrown into a pan of water, to be replaced immediately by another, if several 
copies are desired, so that the exposure of the second may be in progress while thofirat 
is being washed and fixed. Tho water dissolves out the exoess of the reagents used i® 
tho preparation of tho paper, and after several washings with fresh water the print 
Jofies its sensitiveness and becomes permanent, It is advantageous, after several washing* 


Mechanical Drawing. 


12 


ih tfitif, to pM over the wet surface a weak solution of chlorine or of hydrochloric 
id. $ or 4 parts acid to 100 of water, which gives brilliancy and oolidlty to the blue 
ikoml prevents it from being washed out by long soaking. Thus should be followed 
f 2 i r 3 rinsing* with fresh water, aad the print may then be hung up to dry,or placed 
etm-cn «heefa of blotting-paper. This mode of reproduction, whs>e simplicity bus M 
dU adoption in many offices, has the inconvenience of giving n copy in white lines on 
ii» ground, wldoh futignes the eye in some cases, while the application rf other colours 
»Lrajtfacticable. By repeating and reversing the process, copying tt.o white lino print 
M obUiacd on another sensitive sheet, a positive picture, representing the black Lires 

1 tbs original by blue lines on white ground, ran be obtained; or the flume result may 
vrvsched by a different mode of treating the sensitive paper. Tins latter inuy also be 
misty brushing it over with a solution of ferric oxalate (10 gre to Ibe oz.); the ferric 
iiUiu is prepared by sal urn ling a hot aqueous solution of oxalic acid with ferric oxide. 
V better i* iwiiisiog solution may be made by mixing 437 gr< ammonium oxalate, 3*tl gr* 
'-il arid, and 6 cut, water, hen ting to boiling-point, and stirring iti os much hydrated 
m fesroxide os it will dissolve. 

[2l Several time Lie* of paper cal ltd * cyan© ferric/ 1 or “gomniofcrrie,” are sold, 
dkL hive the property of giving a positive image, The mode of preparation is nearly 
i*«mc For all; 3 solutions, 1 of GO ox, gum ambic in 300 of water; 1 of 40 oz, omrni- 
iWl cifmte of iron in SO of water; l of 25 oz. iron perchlorulc in 50 of water, are 
dbfel tn tettle until ch ar, then decanted, mixed, and poured into n shallow dish, the 
iWiW U mg flout> t1 on the surface as before, and hung up to dry. The solution soon 
^nnsies turlnd, and must lie used immediately; but the paper once dry is not subject to 
fctogr, uotesa exposed to light ct moisture. The reactions Involved in the printing 
*r*oi are mmv complex than in the Gust itfooew, but present no psrlicnlar difficulty, 
-■j'iti the influtnoX of light and of the organic acid (citric), the iron percldoride is re¬ 
ts*! to prelochlornlc, rind, cm being subjected to the action of poiaesmm fcrrnoyanide, 
Wjcftions not reduced by the nciiou of the tight, that is, the lines oorresponling to the 
fl-ci lines nf the original drawing, ahute exhibit the blue coloration. The gum plays 
k*« important port in the process by becoming less soluble in the parts exposed to 
•jkr, <o a* Lo repel jn those portions the ferrocynuidc solution. The mode of printing 
tartly the suns as before, but the paper is more sensitive, and the exposure varies 
i few tecfiiids in sunshine to 15 or 20 minutes in the shade. The exact period 
‘xltc tea ltd by exposing at the same time a slip of the sensitive paper under a piece 
V*pf niimjor t.< that on which the original drawing is executed, and ruled with lino 
**. th.il biU can be tom off at intervals, and tested in the developing bath of 
•hooiRi fenocyamde. If the exposure is incomplete, the paper will become blue nil 
•w tfi the ferroeynnide Ixilh ; if It has been too prolonged* no blue whatever will make 
Mpr.-afatirc, hut tho paper will remain white; if it U just long enough, iho lines 
will be developed iu blue on a white ground. During tho tests of the trial hits, 

* printing frame should be covered with an opaque screen to prevent the exposure 
to proceeding further. After the exact point is reached, the print is removed from 
" (ratac utul floated for a few moments on a bath of saturated solution of potassium 
^ruE.-lt, about I ox, of the solid crystals to 4 of water. On raising it, the design 
& i* *( 1.0 in dark-blue lines on white ground. It is necessary to prevent the liquid 
^ flawing over the back of the paper, which it would cover with a blue stain, and to 

2 thid the edges of the print are turned up all round. On lifting a corner, the 

r ■ f the development may bo watched. As soon us the lines are sufficiently dark, 
fr -v5 begin to show themselves in the white partd, the process must be immo- 

tef united by placing the sheet on a bath of pure water. If, as often happens, a 
m tiat tbco begins to spread all over the paper, it may b© ini merged in a mixture of 

sulphuric or 8 of hydrochloric acid, to 100 of water. After leaving it ii\ ttvfa 
^dauttd lquid for 10 or 15 fia design will seem to clear, and to iwj 
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then be rinsed in a large basin of water, or under a faucet furnished with a sprinklio 
nozzle, and a soft brush used to olear away any remaining clouds of blue; and finaU; 
the paper hang up to dry. The ferrocyanide bath is not subject to change, and ms 
be used to the last If it begins to crystallise by evaporation, a few drops of water ms; 
be added. The specks of blue which are formed in this bath, if not removed by tb 
subsequent washings, may be taken out at any time by touching them with a weal 
solution of soda or potash carbonate. The prints may be coloured in the usual way. 

(3) Blue figures on a white ground are changed into black by dipping the proof in a 
solution of 4 oz. common potash in 100 oz. water, when the blue colour gives place to i 
sort of rusty colour, produced by iron oxide. The proof is then dipped in a solution oi 
5 oz. tannin in 100 oz. water. The iron oxide takes up the tannin, changing to a deep 
black colour; this is fixed by washing in pure water. 

(4) Joltrain’s. Black lines on white ground. The paper is immersed in the following 
solution:—25 oz. gum, 3 oz. sodium chloride, 10 oz. iron perchloride (45° B.), 5 oz. iron 
sulphate, 4 oz. tartaric acid, 47 oz. water. The developing bath is a solution of red« 
yellow prussiate of potash, neutral, alkaline, or acid. After being exposed, the positive 
is dipped in this bath, and the parts which did not receive the light take a dark-green 
colour; the other parts do not ohange. It is then washed with water in order to remove 
the excess of prussiate, and dipped in a bath containing acetic, hydrochloric, or sulphuric 
acid, when all the substances which could affect the whiteness of the paper are removed. 
The lines have now an indigo-black colour. Wash in water, and dry. 

(5) Copies of drawings or designs in black and white may be produced upon paper 
and linen by giving the surface of tho latter 2 coatings of: 217 gr. gum arabic, 70 gr. 
citric acid, 135 gr. iron chloride, J pint water. The prepared material is printed under 
the drawing, and then immersed in a bath of yellow prussiate of potash, or of silver 
nitrate, the picture thus developed being afterwards put in water slightly acidified with 
sulphuric or hydrochloric acid. 

(6) Benneden states that paper, prepared as follows, costs but £ as much as the 
ordinary silver chloride paper, is as well adapted to the multiplication of drawings, and 
is simpler in its manipulation. A solution of potash bichromate and albumen or gum, 
to which carbon, or some pigment of any desired shade, has been added, is brushed, ai 
uniformly as possible, upon well-sized paper by lamplight, and the paper is dried in the 
dark. The drawing, executed on fine transparent paper (or an engraving, or woodcut, 
&c.), is then placed beneath a flat glass upon the prepared paper, and exposed to the 
light for a length of time dependent upon the intensity of the light. The drawing k 
removed from the paper by lamplight, and after washing the latter with water, a negative 
of the drawing remains, since the portions of the coating acted on by the light become 
insoluble in water. From such a negative, any number of positives can be taken in th c 
same way. 

(7) Dietericli’s copying-paper. The manufacture may be divided into 2 parts, via 
the production of the colour and its application to the paper. For blue paper, he nee 1 
Paris blue, as covering better than any other mineral colours. 10 lb. of this colour art 
coarsely powdered, and mixed with 20 lb. ordinary olive oil; J lb. glycerine is the* 
added. This mixture is, for a week, exposed in a drying-room to a temperature « 
104°-122° F. (40°-50° C.) and then ground as fine as possible in a paint-mill Th< 
glycerine Boftens the hard paint, and tends to make it more easily diffusible. MeM 
i lb. yellow wax with 18} lb. ligroine, and add to this 7J lb. of the bine mixture 
mixing slowly at a temperature of 86°-104° F. (30°-40° C.). The mass is now of th< 
consistence of honey. It is applied to tho paper with a coarse brush, and afterwsrt 
evenly divided and polished with a badgers* hair brush. The sheets are then dried <® * 
table heated by steam. This is done in a few minutes, and the paper is then re^dy fa 
the market The quantities mentioned will be sufficient for about 1000 sheets of 36 im 
by 20 r being a day’s work for 2 girls. For black paper, anjliqe black is use4 in tb® 
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TU© operation must be carried on in well-vent Mated rooms protected from 
tf% xm account of the combustibility of the uinteriaJ and the narcotic effects of the 
lipoma. The paper is usod between 2 sheets of paper, the upper receiving the original, 

the lower the copy, 

(8) tly means of gelatine sensitive paper any ordinary thick cardboard rimwing can 
be topi, d in a few seconds, either by diffused daylight or gns- or lamplight. The copy 
will )>. an exact reproduction of the original show ing the letter':) or figures non* re versed. 
Hitts (felted to make atopy iu the daytime, any dark closet will answer, where all 
vlite light is excluded* The tools required are an ordinary photograph printing frame 
in! a rod lantern or lamp* The sensitive gelatine paper is cut to the size required, laid 
rith the sensitive tide upward upon the faro of the drawing, and press©! thereon in tho 
ical manner, by springs at the hack of tire frame, which is then carried to the 
vtbdow and exposed with tho glass side outward for 2 to 5 seconds to tho light, the 
opsore varying according to the thickness of tho drawing. If gua- or lamplight is 
»d st night, 20 to 30 minutes* exposure is sufficient. The frame ha returned to the 
fetfc closet, the exposed sheet is removed to a dark box, and other duplicates of tho 
drawing can be made in the same way. It is thus possible to make 10 to 20 copies of 
cfc thick drawing in the same time that it usually takes to obtain ono copy of a traus* 
pewit tracing by the ordinary blue process. The treatment of tho exposed sheets is 
»l«te simple; nil that is necessary is to provide 3 or 4 large pana or a large sink divided 
into partitions,. The development of the exposed sheets can bo carried on at night or at 
wymateuienl time, but a red light only must be used* The paper is fir*t passed 
a dish or pan of water, and then immersed in a solution, face upwards, composed 
ds yurts of ft saturated solution of potash oxalate to 1 of ft saturated solution of iron 
ttlpfciir, enough to cover the face of the paper, The latent imago soon appears, and a 
kautit’ul copy of the drawing is obtained, black where the origiuul whs white, with clear 
»6ttn line# to represent the block linos of the drawing. With one solution, G to 8 copies 
<*s W developed right after the other. After development, tho print fa dipped in a dish 
46m water for a minute, and dually immersed for 3 minutes in the fixing solution, 
*3np»d of 1 part of soda hyposulphite dissolved in G of water. It is then removed In a 
1 Wiiab of water face downward, soaked for a few minutes, and hung up to dry ; when 
by it is ready for use. 

Nam* very useful suggestions will be found in a little volume by Tux ford Hollatt, 
ebttai "Uinta oo Architectural Draughtsmans hip.* 

CASTING AND FQI7NDINO.—The following remarks by W. H. Cooper in 
1 tl* Sekccl of M.'nts Quarterly, New York, give a very clear outline of tie operations of 

*>^(1 and founding:— 

am indebted to Hue fusibility of the metals for the jxjwcr of giving to them, with 
I*** MUf ftiul perfection, any required farm, by pouring them, whilst in a fluid state, 
i kt> lootikU of various kinds, of which, in general, tire coatings become exact counter- 
>iti gome few objects are cast in open moulds, tho upper surface of the mclal 
bi^is-ing fiat under the influence of gravity, as in the casting of ingots, fiat plates, and 
4it umi'lnf objects; hut m general, the metals arc oust in close moulds, so that it 
4 nniei uceesaary to provide one or more apertures or in gates for pouring in the metal, 
for allowing the escape of air* Moulds made of metal must be sufficiently hot to 
! )t.id djtiling or solidifying the fluid metal before it has time to adapt itself throughout 
j b tT *ry part of the mould* And when mode of earthy materials, although moisture is 
’Wrr.ti*! to their construction, little or none should remain at the time they are filled* 
«flhso moulds must also be e o pervious to air that any vapour or gases formed either 
fcUbe irniment of costing or during the solidification of tho metal may easily escape, 
if the gases are rapidly formed, there is danger that the metal will be blown 
mould with ft violent explosion, or, when more slowly formed and unable to 
w vflj (|| bubbles af gas will displace the fluid metal and render it spongy ot 
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The casting is then said to l>o “ blown.*' It not Infrequently occurs tliat castings which 
npjioar good and sound externally are filled with hidden defects, l)ecause» the snrfim 
Mng first cooled, the bubbles of air will attempt to break their way through the cental 
and still soft ]#irt8 of the metal. 

The perfection of castings depends much on the skill of the pattern-maker, who 
should thoroughly understand the practice of the moulder, or he is liable to make the 
patterns in such a manner as to render them useless. Straight-grained deal, pine, and 
mahogany are the best woods for making patterns, os they remain serviceable longest 
Screws should be used in preference to nails, as alterations may be more easily made, 
and for the same reason dovetails, tenons, and dowels are also good. Foundry pattens 
should always be made a little tapering in the parts which enter most deeply into the 
wind, whenever it will not materially injure the oustings, in order that they may be 
more easily removed after moulding. This taper amounts to or £ in. per ft, and 
sometimes much more. When foundry patterns are exactly parallel, the friction of the 
hand against their sides is so great that considerable force is required to remove them, 
and the sand is tom down unless the patterns are knocked about a good deal in the 
mould to enlarge Ihe space around them. This rough usage frequently injures tbs 
patterns, ami causes the castings to become irregularly larger than intended, and 
definitive in shajH*, from the mischief sustained by the moulds and ]»ttems. 

Sharp internal angles should be avoided as much as possible, as they leave sharp 
edges or arrises in the sand, which are liable to be broken down on the removal of the 
pattern, or washed down by the entry of the metal into the mould. Either the angle of 
tho mould should lie filled with wood, wax, or putty, or the sharp edges of the aand 
should ho chamfered off with a knife or trowel. Sharp internal angles are also very 
injudicious in respect to the strength of castings, as they seem to denote where they 
will he likely to break. Before the patterns reach the founder’s hands, all the glue 
remaining on their surfaces should be carefully scraped off, or it will adhere to and break 
down tho land. The best way is to paint or varnish wooden patterns, to prevent their 
absorbing moisture and the warping of the surfaco and sticking of the sand. Whether 
imlutcd or not, they deliver better from the mould when they are well brushed witl* 
hlucklead. 

Foundry patterns are also made in metal. These are excellent, as they are per¬ 
manent, and when very small are less liable to be blown away by the bellows used for 
removing the loose sand and dust from the moulds. To prevent iron patterns from 
rusting and to make them iloliver more easily, they should be allowed to become 
slightly rusty, and then warmed and lxe.swax rubbed over them, the excess removed* 
and the remainder polUhed after cooling, with a hard brush. Wax is also used by tho 
founder for stopping up any little holes in the wooden patterns. Whiting is al.-o us«d 
fur this purpose, but h not as good. Very rough patterns are scared with a hot iron. 
Tho guod workman, however, leaves no necessity for these corrections, and the perfection 
nf tho pattern is well repaid by tho superior character of the castings. Metallic pattern* 
fimjnontly have holes tapj»ed in them for receiving handles, which screw in, to facilitate 
their removal from the sand. Fargo wooden patterns should also have iron plates let 
Into them, into which handles can l>o screwed. Otherwise, the founder is obliged to 
drive pointed wires into them, and thereby injuro the patterns. 

Tho tools used in making the moulds are few and simple—a sieve, shovel, rammer, 
strike, mallet, a knife, and 2 or 3 loosening wires and little trowels, which it is 
tin in ■ectfsury to describe. 

The principal materials for making foundry moulds are very fine sand and loam. 
They are found mixed in various proportions, so that the proportion proper for different 
HMW cannot l>e well defined ; but it is always best to employ the least quantity of loam 
that will suffice. These materials are Beldom used in the raw state for brass casting, 
although more so for irou, and the moulds made from fresh sand are always dried. The 
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Mraary matilda are made of the old damp sand, find liter are generally poured imme- 
liutcly, «r while they sire green* Sometime* they are more or has dried upon the thee, 
Tto M working mud is considerably less adhesive ilmti the new, and of a dark-brown 
Mlmjr. Thii arises from the brick-dust, flour, unil chaw* *Ud list used in the moulding 
l 'mill!* umed with tho general stock. Additions of fresh mnd must therefore bu 
towskrolly rnade, so that when slightly moist and pressed firmly in the hand it may 
term* moderately hard, compact lump. 

E*4 brnksloit i« generally used to make the parting of the mould, or to prevent the 
<ko»p mud in the separate parts of the flask from adhering together. The face of the 
u»idd ehich receives the metal is generally dusted with meal, or waste flour. But in 
krgeworimf powdered chalk, or wood- or tun-ashes are used, because cheapen The 
tL'iiihlj fi ir the fluent brass castings are faced either wi I li charcoal, loam&toae, rotten- 
mixtures of them. The moulds are frequently inverted and dried uver a dull 
b.T: fifonkfiliavragjv or when dried arc smoked over pitch or black rosin in an iron ladle. 

Thu cures nr loose internal parts of the moulds, for forming holes and recesses, am 
balk of various pro|K>rtiom» of new eand, loam, and linnet lung. They all require to be 
1 ^uglily (Iri* d, and tlmse containing horBu-dung must Ik* well burned at a red heat. 
Tbimnsumes the straw, and makes them porous and of a brick-red colour. 

In making the various moulds, it becomes necessary to pursue a medium course 
tetfoa the rotiditinns best suited to the formation of thu moulds and those most 
wifcsUe for the filling of them with the molten metal without danger of accident. 
Thru* within certain limits, the more loom and moisture the sand contains, and tho 
rvrw dowdy it i* rammed, the better will be the impression of the model; but the moist 
wd ns^rriotu condition of the mould incurs greater risk of accident both from tho 
H»*ture present and the nouHesi.Tij^e of the air. Tho mould should, therefore, he inside 
d etui which is as dry as practicable, to render the mould as porous os possible, 
tiers ttinch loam it used, the moulds must be thoroughly dried by heat before casting 
i krtt»'t*l, 

A* ratings mo tract considerably in coding, the moulds for large and slight castings 
am not be t*jn strongly rammed or Ion thoroughly dried, nr their strength may exceed 
tUtufthtf red-hot mi tail whilst in the act of shrinking, and the casting be broken in 
nee If the mould is the weaker of the two, its aides will simply be broken 

tovr> without injury to the costing. 

TV method of preparing a mould is as follows: The rend having been prepared, 
Ifimldarfren the patterns from nil glue and adhering foreign particles. Ho then 

I abets tin? most appropriate ** flasko, 1 * which are frames, or boxes without top or bottom, 
JOdruf wrenl, for containing and holding the rend. The models are then examined to 
iwttam &c lucet appropriate way of inserting them into the Baud, The bottom flank U 
11^1 placed upon a hoard, face downwards. A small portion of strong foeing-sond is 

I ^Vd through a aic%*e, the remainder shovelled iu and driven moderately hard into 
lhfl**k. The surface is then sir nek oil level with a straight mibd bar or scraper, a 
Nr In-.»« »nml sprinkled on the surface, upon which another board is placed and 
down rkse, The 2 boards and the flask between them are then turned over 
W*tW; the top board is removed, and fine brick-dust is dusted over the clean surface 
tfowbt s&nd from a linen hug. The excess of brick-dust U removed with a pair of 
^•abbtDows, ami the l»olt*>m half of the mould is then ready for receiving the patterns. 
^WnsidrU art* next arranged upon the face of the sand, so us to l avu space enough 
them to prevent the jsirta breaking into each other, and for the pso-sagej by 
Hrh the tncLd is to lie introduced and the air allowed to escape. Those patterns 
'Wb are cylindrical, or thick, ore partly sunk into ihe rand by scraping out hollow 
j ^a^itu] driving the models iu with a mallet, and the general surface of thu sand 
*5*11*4 with a knife, trowel, or piece of sheet-steel. The level of the sand should 
o -vn it with that of the greatest diameter or section of the model 
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After the sand is mado good to the edges of the patterns, brick-dost is again shake 
over it t the patterns also receiving a portion. The upper part of the flask is then fitte 
to the lower by pins of iron fitting in metal eyes; and a little strong sand is sifted ii 
It is then filled up with the ordinary sand, which is rammed down and struck off fins 
with the edge of the flask. The dry powder serves to keep the 2 halves from sticky 
together. 

In order to open the mould for the extraction of the patterns, a board is placed a 
the top of the flask and struck smartly at different places with a mallet. The uppa 
part of the flask is then gently lifted perpendicularly and inverted on its board. Should 
it happen that any considerable portion of the mould is broken down in one piece, the 
cavity is moistened and the mould is again.carefully closed and lightly struck. On the 
second lifting, the defect will usually be remedied. All breaks in the sand are carefnllj 
repaired before the extraction of the patterns. 

To remove the models, they are driven slightly sidewise with taps of a mallet, so M 
to loosen them by enlarging the space around them. The patterns are then lifted out, 
and any sand which may have been tom down must bo carefully replaced, or fresh sand 
is used for tho repairing. Should the flask only contain one or two objects, the ingak 
or runner is now scooped out of the sand, so as to lead from the pouring-hole to flu 
object. Where several objects are in tho same flask, a large central channel, will) 
branches, is mado. Tho entrance of tho pouring-hole is smoothed and compressed, and 
all the loose sand blown out of the mould with hand-bellows. 

Tho faces of both halves of the mould are next dusted with meal-dust or waste flour, 
put together, and the lx>ards replaced—oue just flush with the side of the flask in which 
tho ]K)uriiig-holo is situated, and the other (on the side from which the metul is to bt 
poured) is put about 2 in. below, and secured by hand-screws. Tho mould is then held 
mouth downwards, that any sand loosened iu the screwing down may fall out It is no« 
ready to he filled. 

Where the bottom half of tho flask requires to bo much cut away for imbedding th« 
patterns, it is usual, when tho second half is completed, to destroy the first or 44 false " 
side, which has been hastily made, and to repeat it by inverting the upper flask and 
proceeding as before. 

When many copies of the same patterns are required, an 44 odd side ” is prepared— 
that is, a flask is chosen which has ouo upper and two lower portions. One of the lattet 
is carefully arranged, with ull tho patterns barely half-way imbedded in the sand, so that 
when the top is filled, ami both are turned over, all of tho patterns are left in the new 
side. A second lower j>ortion is then mado for receiving the metal while the first one k 
kept for rearranging the jMitterns. By this plan, the trouble of arranging the pattern 
for every separate mould is avoided, as tho patterns are simply replaced in the odd sidi 
und tho routine of forming the two working-sides is repeated. (W. H. Cooper.) 

Brass and Bronze Fo undin g.—A vast number of articles, chiefly small in sin 
and of a more or less artistic character, are cast in brass, bronze, or one of the many 
modifications of these well-known alloys. 

Pure copj>er is moulded with difficulty, because it is often filled with flaws and ail* 
bubbles, which spoil tho casting; but by alloying it with a certain quantity of zinc,a 
metul is obtained free from this objection, harder and more easily worked in the lath* 
Zinc renders tho colour of copper more pule; and when it exists in certain proportionals 
tho alloy, it communicates to it a yellow hue, resembling that of gold; but when present 
in largo quantity the colour is a bright yellow; and, lastly, when the zino predominates 
tho alloy becomes of a greyish white. Various names are given to these different alloys 
The one most used in tho arts is brass, or yellow copper, composed of about • of oopps 
and 1 of zinc. Other alloys nro also known in commerce, by the names of tombao, simile 
or Mmnhvim gold, pinchbeck or prince’s metal (chrysocale), Ac.; they oontain h 
addition greater or leas quantities of tin. Tombao, used for ornamental objects whkl 
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intend*! to be gilded, contains 10-14 per cent. of zinc; the composition of Dutch 
gfcld. which can be koinmured into very thin sheets, being nearly the same, Similur, or 
)l smhrim gold, contains 30—12 per oent. of zinc and 6-8 of tin; aud pinchbeck con- 
Uiae €-8 per oeuL of zinc and G of tin. If brass be heated in a brusqued crucible in a 
i fafgedbc* the zinc is nearly wholly driven off. Brass is made by melting directly copper 
tol tine; rceette copper being used, fused in a crucible, and run into water to granulate 
4 The zinc i* broken into small pieces. The fusion is effected in ear then crucibles 
I xiuefa can contain 30—40 lb. of alloy, the metila being introduced in the proportion of 
I copper and £ of zinc, to which scraps of bran are added, , Small quantities of lead 
l ittltm are frequently added to brass to make the alloy harder aud more easily worked ; 

. km which contains no lead soon chokes a tile, w hich defect is remedied by the addition 
d 1 nr 2 hundredth* of lead. 


Copper and tin mix m various proportions, and form jdloys which differ vastly in 
ifp^mnoe and physical properties, ns tin imparts a great degree of hardness to copper, 
Edutt the ancients kamu acquainted with iron and steel, they made their (inns and 
catling instruments of bronze, compound of copper aud tin. Copper and tin, however* 
■bine with difficulty, and their union is never very perfect By heating their alloys 
pafrnUy and slowly to the fusing point, a large portion of the tin will separate by 
dkivitiro, which effect also occurs when the melted alloys solidify slowly* causing 
*tfnun*Uuees of aarious embarrassment in casting largo pieces. Different names oro 
ffim to the alleys of copper and tin, according to their composition and uses; they are 
®IM bronze or bm^caonun-mehd, bell-metal, telescope-speculum metal, Ac* All them 
h»ve om remarkable property: they become hard and frequently brittle, w hen 
ended, while they ora, on the contrary, malleable when they ore plunged into 
Mi er, after having been booted to redness* Tempering produces, therefore, iu these 
•U p on effect precisely opposite to that produced on steel When alloys of copper and 
lifts faulted in the air, the lin oxidizes more rapidly than the copper, and pure copper 
ui i« separated by continuing the routing for n sufficient length, of time* 
lartutoet,—Furnaces for mu 1 ting braes or bronze may bo built of common brick and 
f Wl «nli lift-brick ; but the best are made with a boiler-plate caisson, 20-30 in* diam. 
i >M0 in. high, usually set down In n pit, with the top only 10 or 12 in, above the 
l«rc* the foundry. The uah-pst, or opening around the furnace, is covered by a loose 
i grating, that admits of the ashes being removed. The iron caisson is lined with 
tn-lrirl. the wime as a cupola, the lining being usually G in. nr more thick. The inside 
rof the furnace should not exceed the outside diameter of tho crucible by more 
1 1 «r SIij^ «* greater space will require greater expenditure of fuel* These furnaces 

■ to burr* hallow around where the crucible rests ; to avoid waste of fuel, they 
1 1*? kept straightened up with fire-clay aud sand. Sometimes these furnaces aro 

i wjusra inside, but they are inferior to the circular form and consume more fuel; 3 or 
i fitrnac* s are commonly arranged in seta giving a graduated scale of aizoa, to suit 
*di of large or smaller castings. When the quantity of metal used is large* a blast 
* pocfotly employed. The common brass furnace usually depends on a natural draught 
1 taaaecto by a fine with a chimney stack at the back; 3 or 4 commonly share & 
i dark, each having a separate flue and dumper. When the chimney does not give 
nl draught, the ash-pit may be tightly dosed, nnd a mild blast turned into the pit, 

1 iU way up through the grates. The fuel may be hard coal or coke* broken into 
i doqt the size of hens 1 eggs; coke is preferable us heating more rapidly, and thus 

■ th* oxidation of metal, but gas-coke from cannel coni is not admissible. 

The ordinary cupola furnace U shown iu Fig, 1, it consists of a circular chamber 

■ Wit r. f fire-brick, rising in the form of a dome, in the tup of which is a circular 
[ •y*T.ti_c, carrying a cwteuron ring 6, through which tho pots and fuel arc introduced. At 
lie bottom u a bed-plate e, which is a circular plate of cast-iron having one large hole 
db tie centre (for the withdrawal of ashes aud clinkers), and 12 smaller ones a arcuxi£U& 




of a fire-grate, by admitting the air that supports combustion. The whole construe 
is enolosed in a solid mass of brickwork, and an iron bar h is built in over the air-' 
in front of the bod-plate, and resting on the walls forming the sides of the air-waj 
give support. The dimensions of the furnace shown are 3 ft 6 in. diameter, 

3 ft. 6 in. height from furnace bed to crown of arch. 

The ordinary melting furnace is shown in Fig. 2. The fire-place a is lined througl 
with fire-brick, as well as the opening d into the flue and a portion of the flue 0 its 
b is the ash-pit; c, register-door of ash-pit, by which the draught is partially regula 
/, firo-briok cover for the furnace; g , fire-bars. It is built all round with common bri 
and as many as C may use the same stack. 

Fig. 3 illustrates the circular melting furnace, consisting of an iron plate a pier 
in the centre by a circular hole of the size of the interior of the furnace, and eroded 


18 Casting and Founding— Brass and Bronze. 


symmetrically around it. Below the bed-plate is the ash-pit / leading to an an 
air passage g, which supplies air to the ash-pit Tapering cast-iron nozzles, 6 in. h 
3 in. diameter at the bottom, 1J in. at the top, and about $ in. thick, are placed over 
12 small holes e. The space between the top of the bed-plate and the top of 
nozzles is built up with fire-brick and fire-clay until it forms a surface perfectly 1 
with the top of the small nozzles, leaving the central hole free. These nozzles do thed 
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*irs: H is n sheet-iron dram riveted together, fanning the shell of Iho furnace, 
.eg on the bedplate. ; it is first lined on the inside with 4$ in. of ordinary brick, 
, with 9 in. of fire-brick ; e t fire-place ; d , fluo lending to stack; e T iron grating 





tting nir beneath the furnace; / T ash-pit; 4 smell brickwork pillars, about 
I#!, supporting the bed-plate; h % fire-brick cover tu furmwe. Tbs draught is 
d by a damper in tho flue or on the stack. The latter la an iron plate largo 
to entirely cover the top of tho stack, 
at one edge, and open or closed by a 

Everberatory furnace is illustrated in 
< 1 , fire-place; b* ash-pit; c, bridge ; d, 
furnace j e, fire-door; /, flue leading to 
door for feeding in and hailing out 
The dmnght la regulated by the fire- 
1 the damper on the top of the stack. 
tide *.—-All the metals and alloys, with 
ptwm of iron and the very fusible metals, 
tod in crucibles, of which there are 
liferent kinds. The principal ones in use 
Hessian pots, the English brown or day 
) Cornish atnl the Wedgwood crucibles— 
nstTtdy mod for melting alloys of brass, 
a!, gun-metal, Ac,; but they ore very 
iiui seldom stand more than one best, yet 
orally sold cheap, and aome founders 
a tins a crucible only oneo, for crucibles 
ickor burn through on the eceond heat, 
ri cmdbke for nil kinds of alloy* are made of graphite (miscalled plumbago 
cklewd). Th«© are sold higher tlmu any of tho day crudbh h, but tuey ore 
factory, and tn»y bo used for 3 or more aucoos&ivu beats without any danger 
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of cracking or burning through. They are not bo open and porous as the cli 
crucibles, and do not absorb so much of the metal, and for this reason they it 
to be preferred for melting valuable metals. When about to use a crucible, it sboo] 
be heated gradually by putting it in the furnace 'when the fire is started, or b 
setting it on the top of tho tyle or covering of the furnace, with the mouth down 

it should bo heated in this way until it is almost too hot to hold in the hands 

Some founders stand a fire-brick on end in the bottom of the furnace to set the crucible 
on. This prevents the crucible from settling with the fuel as it is burnt away. This 
way of supporting the crucible is a good idea when the furnace has a poor draught 
and the metal is melted slowly and it is necessary to replenish the fuel before the metal 
can be melted; but in furnaces where the metal is melted quickly, and it is not 
necessary to replenish the fuel in the middle of the heat, the crucible should be 

allowed to Bettle with the fuel, as the heat will then be more concentrated upon 

it. After the metal has boen poured from the crucible into the mould or ingot, 
the cruciblo should always bo returned to the furnace, and allowed to cool off with the 
furnace to prevent it from cracking. In forming alloys of brass, &c., a lid for the 
crucible is seldom used, but a covering of charooal or some kind ot flux is generally laid 
on tho metal. The metal to bo melted in the crucible is generally packed in before 
tho crucible is put into tho furnace; and when it is desirable to add to the metal after 
some has been fu&ed, it is put in with the tongs, if in large pieces; but when the metal 
to be added is in small pieces, it is put into the crucible through a long tunnel-shaped 
pipe. The small end of this pipe is used for putting metals into the crucible, end the 
large end is used for covering the crucible to prevent the small pieces of fuel from 
falling in. 

Moulding .—Brass moulding is carried on by means of earthen or sand moulds* 
Tho furmatiou of sand moulds is by no means so simple an affair as it would first appear, 
for it requires long practical experience to overcome the disadvantages attendant upon 
the material used. The moulds must be sufficiently strong to withstand the action of 
the fluid metal perfectly, and, at the same time, must be so far pervious to the air aa to 
permit of the egress of the gases formed by the action of the metal on the sand. If 
tho material were perfectly air-tight, then damage would ensue Irom the pressure arising 
out of tho rapid generation of gases, which would spoil the effect of the casting, and 
probably do serious injury to the operator. If the gases are locked up within the mould, 
tho general result is what moulders term a “blown ” casting; that is, its surface become* 
filled with bubbles, rendering its texture porous and weak, besides injuring its appearance. 

For a number of the more fusible metals, plaster of Paris is used. This material 
however, will not answer for the moro refractory ones, as the heat causes it to crumble 
away and lose its shape. Sand, mixed with clay or loam, possesses advantages not to be 
found in gypsum, and is consequently used in place of it for brass and other alky 8 * 
In the formation of brass moulds, old damp sand is principally used in preference to the 
fresh material, being much less adhesive, and allowing the patterns to leave the mould* 
easier and cleaner. Meal-dust or flour is UBed for facing the moulds of small articles, 
but for larger works, powdered chalk, wood ashes, and so on are used, as being mom 
economical. If particularly fine work is required, a facing of charcoal or rottenstone i* 
applied. Another plan for giving a fine surface is to dry the moulds over a slow fim 
of cork shavings, or other carbonaceous substance, which deposits a fine thin coating ol 
carbon. This is done when good fine facing-sand is not to be obtained. As regard* the 
proportions of sand and loam used in the formation of the moulds, it is to be remarked 
that the greater the quantity of the former material, the more easily will the gases escape, 
and tho less likelihood is there of a failure of the casting ; on the other hand, if thrf 
hitter substance predominates, the impression of the pattern will be better, but a & 
greater liability of injury to the casting will be incurred from the impermeable nature a 
the moulding material. This, however, may bo got over without the sligheat risk, b; 
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** 11 drying thu tnonld prior to casting as would have to bo done were the mould entirely 

cf loam. 

Where easily fusible metal is used, metallic mouldy arc sometimes adopted. Thus, 
where great quantities of one parti enlor species of con Ling are required* the metal lift 
mould i i cheaper, easier of management, and possesses tho advantage of producing any 
tmmW nf exactly similar copies. Tho simplest example is the casting of bullets. 
These are cast m moulds constructed like scissors, nr pliers, the jawa or nipping portions 
being hollowed out hernispherically, so that when dosed a complete hollow sphere is 
farmed, haying a small aperture leading into the centre of tho division line, by which the 
molten lead is poured in, Pewter puis, inkstands, printing types, anti various other 
articles, composed of tho easily fusible metals, or their compounds, are moulded on 
IV name principle. The pewterer generally uses brass moulds : they are lies Led previous 
to pouring in the luctul. In order to cause tho casting to leave the mould easier, as well 
m to give a finer face to the article, tho mould is brushed thinly over with rod ochre 
i&4 white of ini egg; in $nmn cases a thiu film of oil is used instead. Many of the 
E&ouliU for this purpose are extremely complex, and, lieing made in several pieces, they 
rvpiire great care in liltiug, 

A few observations on the method of filling the moulds. The experienced find 
ttmi the proper time for pouring the metal is indicated by the wasting of the zinc, which 
fitffl "If h lambent flame from the surface of the melted metal. The moment this is 
^i*erved, the crucible is removed from the fire, in order to avoid incurring a great waste 
of tlii* volatile substance. The metal is then Immediately poured. The best tern* 
pattern for pouring is that at which it will take the sharpest impression end yet cool 
quickly* If the metal is very hot, ami remains long in contact with the mould, what is 
M md-hurt] mg M takes place, and the Wo of tho coating is injured. Tim 
I founder, thru, must rely ou his own judgment as to what in the lowest bent at which 
iharp impressions will be produced. As a rule, the smallest and thinnest castings 
mart U na-it the first in a pouring, as the metal cools quickest in such coses, while the 
rim hold* good with regard to larger ones. 

Complex object*, when infiamninble, are occasionally moulded in brass, and some 
twtfflf th A fallible metals, by an extremely ingenious process ; rendering wlmt isther- 
tiwi would be a difficult problem a comparatively easy matter- The mould, which it 
mint U» nndtnfood is to l>e composed of some inflammable material, is to be placed in 
ttw wahfia&k, and tho moulding sand is put in gradually until tlio box is fillet! up. 
"ten dry, the whole is placed in an oven sufficiently hot to reduce tho mould to ashes, 
vkMi are * adly removed from their hollow, when the metal may be poured in. In 
tLi way small animals, birds, or vegetables may he cast with the greatest facility. Tho 
Nnd b to be placed in the empty moulding box, being held in the exact jwintion 
ivquirudl by suitable wires or strings, which may be burnt or removed previous to 
pwtlag In die metal* 

Another inode, which appears to lie founded ou the same principle, an ewers perfectly 
vt r l when the original model ia moulded in W'lx, The model is placed in the moulding 
kvj iB the manner detailed in the last process, having an additional piece of wax to 
r t fr *r4 the runner for the metal. The composition here used for moulding is similar 
,tn Li ,t employed by statue founders in firming the cores fi>r statues, busts, and so cu, 
fcoicly, 2 parts brickduai to 1 of plaster of Paris. This is mixed with water, and 
la so as to surround the model well, Tho w hole is then slowly dried, and when 
l It* mould is sufficiently hardened to w ithstand tho effects of the molten wax, it is 
in order to liquefy and pour it out. When clear of tho wax, the mould is dried 
nut lairu.nl in sand, in order to sustain it against tLio action of the fluid metal. 

Urge belts are* usually cast in loiun moulds, being *‘swept” up, according to the 
phrasudogy* by means of wooden or metal patterns whose contour is aty exosi 

vfihviirtfi nf lit* innnr m ntl mi tar HiirftLCCft of ihfl inhtliili'ul IjhVL RruTVfitiuveft. WAfetA* 
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the whole exterior of the bell 1s moulded in wax, which serves as a model to fon 
impression in the sand, the wax being melted out previous to pouring in the i 
This plan is rarely pursued, and is only feasible when the casting is small. TL 
scriptions, ornaments, scrolls, and so on, usually found on bells, are put on the clay i 
separately, being moulded in wax or clay, and stuck on while soft The same pi 
pursued with regard to the ears, or supporting lugs, by which the bell is hung. 

Moulds faced with common flour turn out castings beautifully smooth and bi 
the sand parts easily from the surfaces, and, as a rule, can be readily removed l 
application of a hard brush. For large brass castings, quicklime is successfully ui 
some places; it is simply dusted on the face of the mould and smoothed down i: 
usual way. 

Sometimes, even when the brass mixtures are good, there will be much tr 
with blowing, both iu dry and green moulds. This may be due to want of poros 
the sand or to insufficient heat of metal. A first-class sand is that from the Man 
quarries, near Nottingham. It is a good plan to stir the metal with a hazel roc 
before pouring. 

The ordinary method of casting in sand moulds applied in successive pieces, 
plaster of Paris casting, is not so much in use in Italy as what is called the “: 
perdufa " mode; meaning that the object is destroyed or “ lost ” every time. Ca 
from metallic or other incombustible objects is therefore impossible by this m€ 
The object roust be of wax, or something that will melt or bum out, the i 
having been dried and baked. By this way very little chasing is required, bu 
artist has to finish his wax object (cast in a plaster mould) each time. The advai 
of this method is that you get the artist’s finishing of his own work instead o 
chaser’s, who, though he ought to be, is by no means always an artist. He can 
mechanically, but the work always loses terribly in expression and finish. 

The following process is recommended by Abbass for producing metallic oastin 
flowers, leaves, insects, Ac. The object—a dead beetle, for example—is first arra 
iu a natural position, and the feet are connected with an oval rim of wax. It is 
fixed in the centre of a paper or wooden box by means of pieces of fine wire, so t! 
, is perfectly free, and thicker wires are run from the sides of the box to the ol 
which subsequently serve to form air-channels in the mould by their removal. Awe 
stick, tapering towards the bottom, is placed upon the back of the insect to prodi 
runner for casting. Tho box is then filled up with a paste of J plaster of Paris a 
brickdust, made up with a solution of alum and sal-ammoniac. It is also well fir 
brush the object with this paste to prevent the formation of air-bubbles. Aftei 
mould thus formed has set, the object is removed from the interior by first reducing 
ashes. It is therefore dried slowly, and finally heated gradually to a red heat, and 
allowed to cool slowly to prevent the formation of flaws or cracks. The ashes are rem 
by pouring mercury into the cold mould and shaking it thoroughly before pouri 
out, repeating this operation several times. The thicker wires are then drawn 
and the mould needs simply to be thoroughly heated before it is filled with no 
in order that the latter may flow into all portions of it After it has become cold, 
softened and carefully broken away from the casting. 

Catting .—When brass is ready to be poured, the zinc on the surface begins to v 
with a lambent flame. When this condition is observed, the large cokes are 
removed from the mouth of the pot, and a long pair of crucible tongs are thrust c 
beside the same to embrace it securely, after which a coupler is dropped upon 
handles of the tongs; the pot is now lifted out with both hands and carried to 
skimming place, where the loose dross is skimmed off with an iron rod, and the p 
rested upon the spill-trough, against or upon which the flasks are arranged. 

The temperature at which the metal is poured must be proportioned to 
magnitude or the work; thus, large, straggling, and thin casting* require the met 
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hot, otherwise it will be chilled from coming in contact with the extended 
if cind before having entirely tilled the mould; thick ma&sive castings, if filled 
h hot mt-tal, would bo sandbumt, as the long continuance of the heat would 
he face of the mould before the metal would bo solidified. The lino of policy 
iirtfore be, to pour the metals at that period when they shall bo sufficiently 
111 the moulds perfectly, and produce distinct and sharp impressions, but that 
shall become externally congealed as soon as possible afterwards, 
ight moulds, the carbonaceous facings, whether incal-dust, charcoal, or soot, 
os iht ?e substances are bad conductors of best, and rather aid than otherwise 
gnilion; it u also proper to air these moulds for thin works, or slightly warm 
>re a grate containing a coke fire. But in massive works these precautions 
required; ami the facing of common briekdust, which is incombustible and 
ding, suot'ccds better. 

founder therefore fills the moulds having the slightest works first, and 
proceeds to the heaviest; if needful, he will wait a little to cool the metal, or 
the same purpose by stirring it with one of the ridges or waste runners, 
ervby becomf s jiartinlly melted. He judges of the temperature of the melted 
mijmlly by the eye, ft", when out of the furnace, and the very hot surface emits 
it bluish-white flume, and gives off clouds of white oxide of zinc, a 
hie portion of which floats in the air like snow, the light decreases w ith the 
are, and but little zinc is then fumed away, 

ni-tal and [jot-metal do not flare away in the manner of brass, the tin and lead 
h—i volatile than zinc; neither should they be poured so hoi or fluid as 
u>s, ur they will become sandburnt in a greater degree, or, rather, the tin 
will strike to the surface. Gun-metal and the much-used alloys of copper, 
line are sometimes mixed at the time of pouring; the alloy of lead and 
never no treated, but always contains old metal, am! copper is seldom cast 
a trifling portion of zinc is added to it, otherwise the work becomes nearly 
tic air-bubbles tliroughout its surface. 

the founder is in doubt as to the quality of the metal, from Its containing 
of unknown character, or if he desires to be very exact, he will cither pour 
fn>m the pot Into an ingot-mould, or extract a little with a long rod terminating 
in heated to redness. The lump is cooled, and tried with n file, saw, hammer, 
to letm its quality. The engraved cylinders for calico-printing are required 

I . are copj>er* anti their unsound ness, when cast in the usual way, was found to 
jus an evil that it gave rise to casting the mt-tal under pressure, 
persons judge of the heat proper for pouring by applying the skimmer to the 
if the metal, which, when very hot, has n motion like that of boiling water; 
away and becomes more languid as the metal cools. Many works are spoiled 
ng p >ured too hot. bud thu management of the heat is much more difficult when 
tity of metal Is small. In pouring the metal, care should be taken to keep 
t drn«* from the lip of Ibo melting-pot. A crucible containing the general 
of 10 lb, or 50 lb. of metal can bo very conveniently managed by one individual, 
urgi r quantities, sometimes amounting to 1 cwt, an assistant aids in supporting 
ihle by catching hold of the shoulder of the tongs with a gruoter, an iron rod 
s a hook, 

►l the mould in being filled, there is a rushing or hissing sound from the flow of 
ul i^eapo of air; the effect is less violent where there are 2 or more passages, 
iivy pieces, ami then the jet can bo kept entirely full, which is desirable, 
litcly utter the mould is filled, there are generally small but harmless explosions 
which escape through the seams of the mould ; they ignite fruni the 

I and bum quietly; but when the mettil blows, from the after escape of awj 
air, it makes o gurgling, bubbling noise, like the boiling of water, bub tavmVi 
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louder, and it will sometimes throw the fluid metal out of the runner in 3 or 4 separate 
spurts; this effect, which mostly spoils the eastings, is much the more likely to occur 
with cored works, and with such as are rammed in less judiciously hard, without 
being, like the moulds for fine castings, subsequently well dried. The moulds are 
generally opened before the castings are cold, and the founder's duty is ended when he 
has sawn off the ingates or ridges, and filed away the ragged edges where the metal 
has entered the seams of the mould ; small works are additionally cleaned in a rumble, 
or revolving cask, where they soon scrub each other clean. Nearly all small brail 
works are poured vertically, and the runners must be proportioned to the size of the 
castings, that they may serve to fill the mould quickly, and supply at the top a mass of 
still fluid metal, to serve as a head or pressure for compressing that which is beneath, to 
increase the density and soundness of the casting. Most large works in brasB, and the 
greater part of those in iron, are moulded and poured horizontally. 

The casting of figures is the most complex and difficult branch of the founder’s art. 
An example of this is found in the moulding of their ornaments in relief. The 
ornament, whatever it may be—a monumental bas-relief, for instance—is first modelled 
in relief, in clay or wax, upon a fiat surface. A sand-flask is then placed upon the 
hoard over the model, and well rammed with sand, which thus takes the impress of the 
model on its lower surfa<*e. A second flask is now laid on the sunken impression, and 
also filled with sand, in order to take the relief impression from it. This is generally 
termed the cope or back mould. The thickness of the intended cast is then determined 
by placing an edging of clay around the lower flask, upon which edging the upper one 
rests, thus keeping the two surfaces at the precise distance from each other that it if 
intended the thickness of the casting shall be. In this process, the metal is economized 
to the greatest possible extent, ns the interior surface, or back of the casting, is an exact 
representation of the relief of the subject, and the whole is thus made as thin in eveiy 
|iart as the strength of the metal fiermits. Several modifications of the process just 
described are also made use of, to suit the particular circumstances of the case. What 
has been said, however, is a detail of the principle pursued in all matters of a similar 
nature. 

O/rcx .—Following are instructions for a composition for cores that may be required 
for difficult jobs, where it would bo extremely expensive to make a core-box for tlia 
same: Make a pattern (of any material that will stand moulding from) like the core 
required. Take a mould from the same in the sand, in the ordinary way, plare 
strengthening wires from point to point, centrally; gate and close your flask. Then 
make a composition of 2 parts brickdust and 1 of plaster of Paris; mix with water, 
and cast. Take it out when set, dry it, and place it in your mould warm, so that there 
may la* no cold air in it. 

Making Bronze Figures. —It is a singular fact that melted gold, silver, copper, and 
Iron, if fiourcd hot into a mould, will take an impression of all the details of the 
pattern from which the mould was made, only if the mould is made of sand. Zinc 
dm moulded in copper moulds, and that is the principal cause of the low price of 
spelter or zinc statuettes, known in the trade as imitation or French bronze. The reel 
bronze is an alloy of copper, zinc, and tin, the 2 latter metals forming a very small part 
of the combination, the object of which is the production of a metal harder than the 
pure copper would be, and consequently more capable of standing the action of tun«i 
and also less brittle and soft than zinc alone would be. Let us follow a statuette 
through the different processes under which it hfts to pass from the time it leaves the 
hands of the artist who has modelled it to that when it reaches the shop where it is to 
be sold. 

The original statuette is generally finished in plaster. The manufacturer’s ftrrt 
I munition is to have it cut in such pieces as will best suit the moulder, the mounted 
Md tiio chaser, for very few statuettes are cast all in one piece. Arms and legs srs 
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y put on after the body fa finished. This nest operation is to reproduce I lie 
part* of the figure in metal. For ibid the moulder taken It in hand to prepare 
i Id, Il« begins by selecting a rectangular iron frame* technically termed a 
ire enough for the figure to lie in easily. To this frame, which fa 2 to (5 in, 
'tlier simitar frame can be fastened by bolts and eyes arranged on the outside 
that several of these frame* superposed form a sort of box, The workman 
e plaster statuette, which is now bin * pattern," on a bed of soft mnulding-flnnd 
e first Iron frame. The sand used for mould making is of a peculiar nature, its 
quality being dne to the presence of magnesia. One locality fa celebrated for 
the best earn!—that is Fonterioy-aux-Ko&es, a few mil#** from Paris, in France, 
d, when slightly damp, sticks together very easily, and fa well fitted to take tho 
a of the pattern, 

the pattern is embedded in the sand, the workman takes a smalt lump of 
ich h« presses against the aides of the figure, covering a certain portion of it, 
this piece he presses another, using a small wooden mallet to ensure the perfect 
of the eiiud to tho pattern. Each one of these pieces of sand is trimmed oft’, 
Lt layer of potato flour is dusted both oyer the pal lorn and the different part;* of 
(1, to prevent them from adhering together. In course of time, the entire part of 
left above the first bod of sand t #>n which it hoe been placed, will be covered 
sc pieces of sand, which tire beaten hard enough to keep together* Loose snnd 
wn over this elementary brickwork of sand, if it may be so called, and ri 
frame is bolted to the first one to hold the sand together, which, when beaten 
!U form a case holding the elementary sand pieces of the mould in place, Thu 
now turns his mould over, removes the loose sand which formed the original 
e pattern, and replaces it by beaten pieces, just as he had done on the upper 


now easily be conceived that if the mould is opened the plaster pit tern can 
ed, and that if all the pieces of Kind tiro replaced us they were, there will Its 
xpeoF- inside tho mould, which will bo exactly tho apace previously occupied by 
mu If we pour melted metal into this space, it will fill it exactly, and conae* 
when solidified by cooling, reproduce exactly the plaster pattern. For small 
its will answer very well; but large pieces must bo hollow. If they were oust 
m^tal iii cooling, would contract, and tho surface would present crocks and 
(Bruit to fill, To make a cabling hollow it is necessary to suspend inside the 
i inner mould or “core," leaving between it and the inner surface of the find 
regular space, which is that which will be filial by the metal when It is poured 
s Core is made of sand, and suspended in the mould bv cross wires or iron rods, 
g to the importance of the piece. A method often used in preparing a mould, 
y the French tire perdue, will help to illustrate this. The artist first takes a 
far fi.age or the figure he wants to produce. This will bo the core of the 
ie cover* it with a coating of modelling-wax of equal thickness, and on this 
finishes the modelling of his figure. Tho moulder now makes his sand 
ver tho wax, and, when it is completed by baking the mould in a suitable 
th© wax runs out, leaving exactly the apace to bo filled up by the metal, 
brand nLiftie of Perseus, by Benvenuto Cell ini, was ca*t in this way, and the 
is very frequently employed by the Japanese and Chinese, Rome times flowers, 
or baskets are embedded in the mould* and, after the baking, the o*dies to 
hey hsv« been reduced are either washed or blown out to make room for the 
This can easily lie done through the jets or jMuuutgos left for tho metal to enter 
Id, and through the ventdieloa provided for the escape of atr and guscs. 
u the mould has cooled, it is broken to remove the easting it contains; ami 
the reason why real bronze is so much more expensive than the sped ter 
a For esreh bronxe a new mud mould must he made, while the jmc or sptfttaf 
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caii be poured in metallic moulds, which will last for ever. In this way the pieces sn 
produced with but little more labour than that required to manufacture leaden bullets. 
These pieces, of course, do not receive the same expensive finish as the real branxe. 
When the casting is taken out of the mould, it goes to the mounter, who trims it oB, 
files the base “ true/' prepares the sockets which are to receive the arms or other pieeei 
to be mounted, and hands the piece to the chaser. The work of this artisan consists is 
removing from the surface of the metal such inequalities as the sand mould may have 
left, and in finislling the surface of the metal as best suits the piece. The amount o t 
work a skilful chaser can lay out on a piece is unlimited. In some cases the very tex- 
turb of the skin is reproduced on the surface of the metal. This mode of charing; 
called in French chair*, and in English “skin-finish,” is, of course, only found on woik 
of the best class. Sometimes pieces are finished with slight cross-touches, s imilar to tha 
cross-hatching of engraving. This style of finish, which is much esteemed by oannoto- 
seurs, is named “ cross-riffled,” or riboute. After the chaser has finished his work, tho 
piece returns to the mounter, who definitively secures tho elements of the piece in their 
places. 

Tho next process it that of bronzing. The colour known as “ bronze ** is that which 
a piece of that metal would take through tho natural process of atmospheric oxidation, 
if it were exposed to a dry atmosphere at an even temperature. But the manufacturer, 
not being able to wait for the slow action of nature, calls chemistry to his aid, and by 
different processes produces on the surface of the piece a metallic oxide of copper, which, 
according to taste or fashion, varies from black to red, which are the 2 extreme cohjun 
of oop[>cr oxide. Tho discovery of old bronzes, buried for centuries in damp earth, sod 
covered with verdigris, suggested the colour known as vert antique, which is easily pro¬ 
duced on new metal by tho action of acetic or sulphuric acid. In the 15th century, 
the Florentine artisans produced a beautiful colour on thoir bronzes by smoking them 
over a fire of greasy rags and straw. This colour, which is very like that of mahogany, 
is still known as Florentine or smoked bronze. Bronze can also be plated with gold 
and silver, nickel and platinum, like every other metal. 

On this subject, Gornaud says that tho manufacturer of art bronzes begins by giving 
the style and general proportions to the artist, who is his first and most important 
assistant. The artist takes the clay, the model, the style, and arranges it into its varied 
forms; soon the architecture is designed, the figures become detached, the ornaments 
harmonize, and tho idea embodied in the outline becomes clear. The manufoctim 
before giving his model to tho founder, should indicate with a pencil the parts which 
ought to be thickest, lest some be found too light, without, however, altering the form; 
he should also mark the parts to be cut in the mould to facilitate putting together. On* 
must be taken to rub with hard modelling wax all the projecting parts which serve to 
join the pieces, so that the turner may not want matter. He must carefully verify nD 
the pieces separately, and cover with wax the angles and ends of the leaves—in a mold 
the weak parts. Generally the model is cast in half-red bronze, in the following pi* 
portions (the body of it is harder, and less easy to work):— 


Copper .91*00 per cent. 

Zinc. 5*33 „ 

Tin. 1*70 „ 

Lead. 1*37 „ 


Objects destined to be gilded require a little more zinc than those of plain bronze. Tte 
models just described serve to make tho moulds in moulding sand, the moulds bring 
afterwards baked in a stove heated to 572° F. (300° C.). They are fastened horizontally 
with binding screws, in order to run in the bronze; the temperature, when cast, vsrito 
from 2732° to 3272° F. (1500° to 1800° C.). 

The Japanese word corresponding to the English “ bronze ” is karakane, which motfl 
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iw niPl/il" ; whereas the brass alloys are called tltin-ehu. Tho sprite? used for 
tter in imported* The Industry of broi\Et?-castLiig is of very ancient origin; ut 
inign metal, imported cither from China or Corea, must have been used, us 
£* e oi>ppcr has only be* n produced since the beginning of the 8th century ; by 
me* however, the industry of bronze-easting hud already readied a certain state 
r’edicm. Tins is eh own by the fact that the priest G iyuki, who tired about 
mc T proposed the ereciien of a monster bronze statue of Buddha, which was 

• into effect* Thera were formerly 3 of these statues in Japan, each about 50 ft, in 

* Other specimens of large bronze-castings are the famous bills of Nam, Kiyoto, 
Fhihu in Tokio, 4tnd others, which have an average height of 15 ft. and nr© more 
1 ft, in diameter. Statues of all sizes, bells, vases, water-basins, candle elicits, 

c-bumera, Inn term*, Ac., have been manufactured in large quantities for temples 
,-ir approaches. Portrait'statues, like the monuments erected in foreign countries 
iur I he memory of celebrated men, have never been made in Japan, As articles 
sohr.ld u&os, maybe mentioned Ore-pots, water-pots, flower-vases and basins in 
miniature gardens nxe made* perfume-burners, pencil-cafes, small water-pots 
dful aliAfca for writing-boxes, paper-weights, and small figures representing 
ici. Tlir^o bronze- castings arc either made in the simple and severe style of the 
‘ hrattd Chine-e bronzes, or else are specimens of the peculiar character of 
escort, which chooses it subjects from natural life, either combining them with 
♦trenr jj showing a great deal of humour, together with the most minute copying 
nrr , or else using them to produce some artistical effect. The bromso is cast. in 
Mibb formed upon models made of a mixture of wax and resio, which is melted 
ii the finished mould previous to pouring the ffiClul in. The artist who makes 
pM genctnlly dot s the casting himself, and in most cases the workshop consist 
i 1 the master's family and 2 or 3 assistants. Thu melting furnaces are of exeecd- 
luoil dimensions, and generally mode of nn iron kelile lined with clny. After 
, the putt-rn is carefully corrected and worked out by obittUtag, but the best 
craters prepare the model, tho mould, and tho alloy in such a way ua to pro- 
sftinga which need no further correcting or finishing* Iti tome cases ulso tho 
uvtlcm is produced merely with the chisel working upon a smooth stirLtee: this, 
arw'jo, is frequently dome in tho province* of Kaga aud Tech in, which nr© very 
ml centres of tho bronze industry. The bronzing of the pieces is done in many 
nt ways, each manufacturer having his own particular process, which he 
tj ur'Cr>rdaig to the composition of tho alloy and the colour hu wishes to produce, 
iimittib tis< d for this purpose are very few hi number, and limited to vinegar, 
tolphate, and verdigris as the principal substances: other materials, used last 
un-, o ns *t of iron sulphate, re ii oxide of iron, and lacquer. It may be added, 
rjliariTT. that an infusion of Eryanthu* (inditriti* is also made use of in the 
sg proeos. 

c ornamentation of bronze eastings is not only produced by relief patterns moulded 
tied, but also by inlaying the objects with gold, silver* or with a different alloy* 
iud i -f workmanship is called swjna, and is principally earned on in tho provinces 
-n and Tocbiu, The process by which the Inlaid work is effected differs accord - 
lit© nature of the material on which it is produced. Sometimes the design is 
A out to a certain depth with a graver or chisel, and the ornamenting mats 1, 
gold, Ar., generally in the shape of threads, is laid into the hollow spaces 
utnoered over* should the alloy be soft enough; tho edges of these grooves 
slightly driven up, so that when the silver or g<1d has been laid in, they can 
y hammered down ag»ir, so as to prevent the inlaid metal from getting loose. Of 
ftLr&cr is merely QDveied in the required places with a narrow network ofliues 
nu of filing, and tie thin grid or silver leaf ihatened on to ihU rough turTaeeby 
ring, This but proev^a te the ope used mostly for inlaid ironwork. It U ako 
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paid that the design is often produced by a process very similar to that of the ao-callei 
niello ; only instead of the black sulphuretted silver and oopper, a more easily faaUr 
alloy is used. Inlaid^work of the above kind is principally made in Kaga and Yechis, 
at Kanasawa and TVikaoko, where the alloy used for the bronze-casting is mostly 
composed of copi*?r, tin, zinc, and lead. In addition to the castings, the repousse wmk 
should be mentioned, by which mostly small metallic ornaments for swords, tobera- 
pouches, &c., and also larger pieces, such as tea-pots, scent-burners, vases, fc, 
are produced; the inlaying of this kind of ware is sometimes of extraordinary 
delicacy and beauty. The dark-blue colour shown by a great number of smaller 
pieces is that of the shakudo , composed of copper, and 3 and 4 per cent, of gold. 
Finally, attention should be called to the so-called moku-me , a word which might be 
rendered by “ veins of the wood. 1 ' The metal-work designated by this name presents a 
sort of damask pattern composed of variously-coloured metals, chiefly white silver, red J 
copper, and a dark-blue alloy. Pieces of this very difficult sort of workmanship are 
produced by overlaying and soldering together a certain number of plates of the said metals 
or alloys, by hammering, kneading, resoldering, filling up the hollow spaces with new 
metal, and repeating these operations many times; finally, when stretched outintoathii 
sheet, this composition shows the uforesaid pattern all composed of veins of the different 
metals that have been made use of. 

Casting en eire. perdue .—A very interesting report on bronze-casting in Belgium, 
by Sir J. Snvile Lumloy, has recently l>een issued, from which the followiug remarks 
are abstracted. 

The bronze eastings made under the First Empire were from moulds made on plaster 
models by an ingenious method known by the name of moulage a la Fran^aise,” which 
is now employed in all French bronze foundries; it has the advantage of being economical, 
especially for large works, and is generally used in all the foundries of the north of 
Europe; it resembles in some respects the system practised in iron foundries, and is now 
employed even in Italy ii) preference to the wax process. 

It must also l>c remarked that casting “ en cire perdue ” is not suitable for every style 
of sculpture ; works, for instance, requiring a smooth surface can, and indeed ought to be, 
cast by the ordinary French system, which produces metal of a closer grain and more 
polished surface, rrquiring, however, the use of the chasing tool over the whole surface 
to efface the marks left by the joints of the piece-mould, and the entire removal of what 
is called “la jK-au de la fonte,” the casting skin or “epidermis” of the bronze as it | 
comes from the mould, ami which, in the wax process, constitutes its peculiar charm, 
reproducing as it does a perfect farsimde of the original work as it left the artist’s hands. 

The ordinary method of ea-ting is more suitable to the bronze articles of eommeree 
which require reproduction, as veil as for bronzes intended to be gilt or silvered and 
burnished. The wnx process, on the contrary, is adapted to unique artistic works not 
intended for reproduction ; the casting skin, however, so dear to the sculptor, diminishes 
to a certain extent the h»auty of the artificial “ patina.” or bronzing, which is always 
more brilliant on bronzes that have been worked over with the file and the graving tret 
The objection manifested by modern bronze founders to adopting the wax process has 
hitherto been that in caso of failure in the casting, the model is completely lost; bat 
byamthnd adopted by the Brussels Bronze Co., failure in casting confines the lam' 
to tho casting itself, and loaves the original model intact and available for a second 
attompt. Following is a technical description of the operations carried out by them lit. 
bronze-easting en rire perdue. 

Supposing the work to bo reproduced to be the portrait bust of a man with curly kjpkl 
and a long flowing beard, such a head would not be easy to cast by the ordinary procsH. 
owing to the difficulty of conveying the liquid bronze into the cavities of the curls and 
the interstices of flic beard, but this is easily overcome when the bust is cast by the wax 
process. The different oj>erationa to be carried out are as follows; (1) The production of 
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i rondel in plaster or terra~cotU by the artist sculptor. (2) Ite reproduction In wax by 
‘ founder* (3) The repairing ami retouching of the wax bust by the artist sculptor. 
The preparation for casting tUo bust before forming the mould and oope, (5) The 
aMtitai of tbo mould. (6) Firing. <7) Casting* (8) Finishing and decorating the 
nm bust. Fig* 5 illnstratea the arrangement of the runners, rents, and drains: a 
the S runners by which the molten bronze is conveyed into the mould ; vent* for 

fi. 


**• an&pe of air and gases; e , drains fur carrying off the melted wax ; d , vents for the 
of dr from the oorea within the bodies of thy horse and man. All except d are 
irt/ially of wax Like the group itself; but when the mould is fired, the wax disappears, 
*d thy hollow* left by the melted wax are converted Into bronze and have to be sawn 


TV model,—The bust produced by the sculptor, which mnj be in terra-cotta or 
••ter, finished as ter as the artist thinks advisable, it* banded over to the founder. 

Ite production in wax. This requires 3 distinct operations ; A* The formation of a 
•PWHuoohL, II, The reproduction of the bud in wax* U. Running the core. 

A* Fccmation of a piece-mould*—After having examined the bust so ua to bn 
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thoroughly acquainted with its difficulties, the workman proceeds to cut off with a twisted 
wire the projecting portions of the beard, and the hair, which, from the cavities of tbs 
locks and curls, would present difficulties for casting. The parts thus removed am 
afterwards easily replaced. The bust is now reduced to a very simple instead of tbs 
complicated form it at first presented. The plaster mould is then made in the ordinary 
way: the bust being laid on a table, face upwards, is fixed in that position by lump*of 
modelling clay so that one-half of the thickness of the bust is completely covered, tbs 
remaining half presenting tho appearance of a figure floating on its back in water. Tin 
workman then begins to make tho pieces of tho mould: taking tho liquid plaster, which 
is of the consistency of thick cream, lio forms a cube 2 in. high, and the same length 
and width, w hich he squares os soon ns the plaster begins to harden; with this cube of 
plaster ho covers a first portion of the surface of the Lust; closo to this first cubes 
second is formed, and so on until tho wliolo bust is covered with an irregular mosaic of 
plaster culies, care being taken to prevent them from adhering to each other or to tbs 
bust by tho application of a strong solution of sonp. Tho surface of these cubes, afler 
lx*ing well wetted with this solution, is covered over with a very thick coating of plaster, 
which is called tho cope, tho place of each cube having been previously marked; the 
first half of tho piece-mould is now complete. The moulder then turns the bnst with 
tho faco dow n on to tho table, fixing it os before, and proceeds to cover the back in the 
same way with cubes of plaster, so that when this second half is also covered with s 
thick plaster co^te, a complete mould is formed in 2 halves. The great art of themouldrr 
is to make tho piece-moulds ut the same time simple and solid, and fitting so closely 
together as to leave tho least possible trace of tho joints on the plaster oast prodooal 
from it; core must also he taken that in handling the mould none of the small ptoes 
should detach themselves from it. Tho mould being completed, it is opened, that is to sty, 
the 2 plaster copes ure separated, tho bust which is intact is token out, leaving a complete 
mould in which other busts can l>c cast just as bullets aro cast in a bullet-mould. The 
next operation is tho reproduction of a bust in wax, precisely like the original it 
plaster. 

13. Reproduction in wax.—One-half of the pieoe-mould is plaoed on the table, that 
is to say, one of tho copes, with all its pieces, and the mould is wetted with water in older 
to prevent tho wax from adhering to it; tho workman then, with his thumb, presses wax 
into all the hollows of tho mould: this is an operation of considerable delicacy. The wax, 
which must be very pure and malleable, is affected by tho weather, working more easily 
in summer than in winter; the most suitable quality for average temperature is composed 
of 1 lb. of yellow w ax, G - 2 lb. of mutton fat, 0-1 lb. of white pitch, melted together and 
coloured a deep red with alkanet. The wax pressed into the mould should be in. 
thick. When all tho hollows of the first cope have had wax of the requisite thfafaw 
pressed into them, tho same process is applied to tho second cope; the two copes, on lwmg 
united, form a complete mould; they ore then tied together with strong cords, and the 
joints of the copes aro smeared with clay so that the mould should bo watertight In 
the meantime another description of wax of harder consistency, composed of 1 lh. of 
yellow wax, 1 lb. of resin, and J lb. of Venetian turpentine, has been melted in acauldnu 
and allowed to stand on the firo until the froth has subsided. Tho wax, being ready, li 
loft to cool to 110° or 158° F. (60° or 70° C.), when it is poured into the mould, which 
it fills, and is ullowcd to remain thero for 40 seconds; the liquid wax is then poured out 
of tho mould into a bucket prepared to receive it. On examining the interior it will b» 
found that tho soft wax w hich was pressed into the mould has received throughout a 
coating of strong w ax j- to in. in thickness, making an entire thickness of about | ixu, 
which will bo the thickness of the bronze when cost 

C. Formation of the core.—Tho core is tho substance with which is filled the hollow 
left in tho mould after the liquid wax is poured out of it; if the bust were cast in brotun 
without a core, it would come out solid and weighing 10 or 15 times heavier th*n is 
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rr, and the coasting itself would l>e faulty, owing to the great shrinkage produced 
\q rack a mam of molten metal, which would also have tho effect of vitrifying the 
ttrths forming the mould The core is* in fact, indispensable in the reproduction of 
tr’-tk- broosfts* The core in use at the Brussels Goinpagnie des Bronzes ia formed of a 
SUttmeoonri&tiiig of 2 parts of fine plaster of Paris, and 3 parts of a pulverized earth 
wrafnsod ef quartz sand, thin argillaei nus clay with truces of iron oxide, carbonate of 
I Ua, magnesia, fttid potash, mixed together with pure water, forming a liquid paste 
which ii called “poll a" and which, like plaster of Paris, hardens very rapidly. 

Haring calculated the capacity of the hollow left by the wax, a quantity of •* potm,"* 
rdfcu at to fill it, is prepared and poured into the hollow, leaving enough of the mixture 
l* farm a pedestal projecting about 4 in. from the bottom of the hunt Tho core, having 
ben* thus poured into the hollow, h left to harden. 

Before proceeding further it is necessary to describe the means by which an escape is 
jiMi -'M for the air or gases of the core, which, if not sot free, might destroy twist, or 
pdlajwist* injure the bronze. 

Tlits is effected by what is called, in tbe language of the foundry, a lanthorn ** or 
, by whlr-h the core of every work in bronze must communicate with the external 
air. Tbr c «ro being composed of jiorous matter, it is easy to understand that when Urn 
fcta metal imieft the channel prepared for it, the core being completely isolated and 
Pprliuitid, the gas within it ts violently dilated, and wotiltl force a passage through the 
(M nrftjil if a vent were not prepared for it. IT, owing to an accident or faulty 
wrwgcniieatt the Urn thorn should not act, the bronze figure containing the core would bn 
tori&bly bulged and distorted, and would have other defects which would considerably 
iluimstth the value of the work, 

hi the case of the bust ulready described, when the piece-mould is emptied ef tho 
ilpiri wax that has been poured into it, and Just as the u potm** which i$ to form I he 
*wt u uU»ut to be poured in, a round stick, about £ in. in diameter, having a pin or iron 
(WjI \t the end, after being well oiled, must bo fixed into tbe centre of the hollow of tbe 
hat, co that the pin should project through the wax of the top of tho bead. Tho stick 
a* laid in this position while tho “ pel in H is peered in round the stick, and when 
lb* k peiia ** begins to harden, which it will do in a few mi nut as, the stick is twisted out, 
Msg, of emir**, a hollow the eize of the stick traversing the bust from the htifiu to the 
bwt Aft t tiie artist-sculptor has retouched tbe wax bust, the mark left by the point 
* ti« dick is sought, and sufficient wax is removed round it to permit of a small iron 
the name diameter as the bole left by the stick being forced 2 or 3 iu. deep 
fiii t ht bcid, leaving, however, ft portion projecting from the head and beyond the 
khek-osniiM wh-OQ it is formed over tbe wax bust. 

Asy cmcJc that may appear between the tube and the hole is carefully closed, and 
<k*sxia t touched where the tube projects from the ha id. If the tube were not forced 
*vIr-hi]Uy into the head, or if the joint w r ere not properly closed, the molten bronze 
Md fed a peunuge and fill up the chimney left for the escape of air from the core— 
la ifcaitait which would give rise hi effects like those above referred to. I a complicated 
l**cfe* ths fimper formation of the lantbnrn is of the greatest importance; it i* often 
<dHiH In arrange, and requires considerable experience to make and place it properly* 
*bspro:ii« projiorlkoiis of the earths of which the *‘poUn ** is composed Is the only part 
rf|hiprr«xfe£ concerning which any reserve is shown. 

TL* mould is then placed on the table, the cords arc unfastened, the cluy closing the 
jfa» of th»* 2 copes is removed, and by inserting a wedge between, tho 2 copes the upper 
” u mn fully lifted off. The workman then removes one by one nil the little pieces 
t*wiag the mnijlil, exposing the correspotiditig parts of the bunt in wax. When all tho 
)***! an- removed from the front, the bust u placed upright an Us h.ise of ll pelin M and 
It# covering the Uv*k Is then removed in the same w.iy, together with the pieces 
A*aiflg the mould. These pieces are then carefully returned to the cope each in iU 
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place, and the mould when put together again is ready to be used for another wax bwt 
when required. 

The bust now appears in wax reproducing exactly the original bust in clay, with tbo 
exception of the seams from the joints of the mould, which are then removed by tlia 
artist-sculptor himself. Although wax is neither as easy nor as pleasant a material to 
work in os modelling-clay, a very short time suffices to enable the sculptor to manipulate* 
it with facility, and an opportunity is afforded him of giving the finishing touches to hi* 
work with still greater delicacy than in clay. 

It is at this period that the beard and curls of the hair which were removed before 
making the mould, and which have been separately reproduced in wax by the same 
process, are fixed in their respective positions by iron points which are driven through, 
the wax into the solid core and hold the pieces firmly in their places; the artist then 
going over the joints with a modelling tool renders them invisible. 

Retouching the wax bust.—The great advantage of reproducing the bust in wax i0 
that it enables the artist to work upon it so that the wax bust is not only equal to the 
original in plaster or terra-cotta, but may become even superior to it, for the artist on 
seeing his work in a material of another colour, and after a certain time, may discover 
certain faults which ho can correct in the wax, or if he thinks it necessary he can make 
such alterations as ho may consider advisable. 

Preparing the bust before making the casting mould or cope.—The bust in wax, 
having been looked over and corrected by tho artist, is now placed in iho hands of the 
founder, who begins by building a luyer of fire-bricks of the Bize required for the object 
that is to be cast; this layer, for a bust, may be 3 ft by 2 ft. 4 in. and 9 in. in height 
above tho door of the atelier. When ready the wax bust is placed upou it on its pedestal 
of “ potiu," and firmly fixed to the brick layer or base. The next operation is one of 
considerable delicacy, namely, the placing of the runners or channels to enable the 
liquid bronze to flow through and fill up the vacant space left by the melted wax, and 
the vents, w hich are other channels for the escape of the air and gas driven out of tho 
hollow by tho force of the liquid metal. 

For a bust the placing of these channels is not difficult, but when a complicated work 
—a group or a largo bas-relief—has to be prepared for casting, the proper position of 
these channels requires considerable study, for if one of them should be badly placed it 
would compromise the success of the casting. 

In order to make a runner for the bust in question, a stick of wax is used 2 ft long 
with a diameter of 1$ in., one end of which is cut or flattened into the shape of the 
mouthpiece of a whistle; the other end is considerably thickened by the addition of wax 
until it has the form of a funnel; it is then bent into the form of a double siphon with 
the 2 parallel branches considerably lengthened. Having thus prepared the runner, in 
order to fix it, 3 or 4 thin iron pinB are driven, in a straight line, at a distauoe from each 
other of & in., into ono shoulder of the bust, from which they are allowed to project 
about 1 or 1} in.; upon these is pressed the flattened end of the runner, and the joint 
where it touches tho shoulder is then closed with wax, which is melted with a heated 
tool, thus increasing the solidity of the joints. The vent, which is fastened in the same 
wuy on tho other shoulder, is a simple straight stick of wax, thinner tlian that of tho 
runner, also with the flattened end touching the shoulder. 

If from any cause tho runner and the vont are not firm in tht-ir positions, another 
iron pin is driven into the top of the head of the bust, and the runner and vent are 
fastened to it with packthread. 

The founder has now before him the bust, surmounted by the runner and the vent 
rising from the shoulders to the summit of the head, like little chimneys, to the height 
of t>-8 in.; he then proceeds to drive a number of iron pins all over the surface of the 
bust, through tho wax, into the core, tho object of which is to maintain the core in it* 
place; ILcso pins must project ono-half their length from tho surface of the bust. 
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Formation of the casting moult! or cope*—The bust thus prepared is placed on the 
trick layer in the pings in which it is to be fired; it in then surrounded by u wooden 
mc Y haring the form of a 4-sided truncated pyramid* This case, which must be 
•tiflkn isUj large to leave a space of 6-S in, between it and the greatest projection of the 
''tot, is made of frames placed one upon the other, 9 in* in height, the whole, when 
ftiiod together, having the form of a pyramid ; the first frame, namely that which reals 
oti tite tuick layer, being naturally the largest The case being ready, the cuIjo measure 
d it* cavity in calculated, ond the upper framed are removed, leaving only the lower 
ow noting on the brick layer. The mould Is made of precisely the same material as 
tint ftnsing the core of the wax bust; the requisite quantity is prepared as well as the 
fwper number of measures of water required for mixing the u pot in*” As the operation 
d llliug the frames must proceed rapidly, and, once begun, cannot bo stopped, cure must 
h Ulon to have a sufficient supply of the material at hand* For the formation of llm 
*5* of a Urge-siacd bust, 3 men are required for mixing the “ potto," 2 for pouring it 
fob Ike Ihuncfi, and 2 for throwing the mixture on to the bust, which is done with 
famtm* brushes* and in such a way us to thoroughly fill up all the cavities of tie 
oviptxm’. 

The 3 mixers have each before them a vat or bucket containing one measure of water, 
into which they pour rapidly the dry “ potto," which is in this form of fine sand or 
mi] this not all at once* but gradually, by allowing it to fall through their 
when the u potto” is all in the water, the men work it into a paste with their 
h*I». A* toon as it is ready* the other men pour one after the other the cuulcula of 
itc Z rats or buckets into the lower frame of the wooden case; in the meantime the 
oil m aro preparing fresh vats of " potto," As soon bs the first frame is nearly filled, 
ft? aomd frame is placed above it, the joints being closed with 41 pot in” that has 
Uame almost hard, ami it fa filled in the same vmy; at the sumo time the other 2 men, 
Utoed with brashes, liavo been sprinkling the bust with the mixture ao as to fill up 
rwapk tely all the cavities of the wax bast; if this is not done with greet c.ire and 
ttnrt tudi% any cavity that is not filled with “ potto ” will retain a certain quantity of 
sir* anil wlien cast the cavity will be entirely filled up with a solid mass of bronze which 
require to be removed by the chaser at a considerable expense, or it moy happen 
Mol the fault is one impossible to remedy When all the frames have been placed one 
the other and filled with potto ,. M the operation is completed, care having been 
hi n to fill tho upper frame only to Ihe level of the top of the runner and the vent, go as 
H to cover them, 

A third elmnnel, required for draining off the melted wax, is formed in tho same way 
w tJui other two, a stick of wax 1J in. in diameter being placed at tho base of the biiet 
to tiie stint, to os to faci]State tho issue of the liquid wax, the stick of wax being 
by me end to the wax of the bust, while the other end touches tho wood 
vtsidj form* ihe ca*e* The ** potto 11 having been allowed to harden, which it docs very 
kpdlj, the wooden frames lire removed, and the cope appears in tho form of n block of 
•kto, m the upper surface of which is soon, on tho right the w t ux of the runner, and on 
«Mrfl that of the vent, and at the base that of the drain. 

Firing*—The block is now ready for filing* A furnace of fire-bricks Is built round it, 
"fiJmuert being placed on the runner, and the vent communicating with tho outer 
■tf- ami round this furnace a second is built, in which a coke fire is lighted* The fire 
moderate at first, gradually increasing until the lunaa is baked throughout, so 
*bal jt ia emrplrtely red-hot to the very centre. After baking for fi hours, the block is 
toflkiftutly heated to caii?,e the wax |o melt: this then escapes through the drain, which 
* ^ connection with an iron tube passing through the 2 furnaces, and communicating 
^ a Tal into which the wax flows. When tho wax has ceased to flow, the opening 
W tbe drain must bo carefully closed, in order to prevent any air from reaching the 
^ttriar t which would be injurious to the process* 
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After 36 hoars* firing, puffs of blue smoke are seen issuing from the chimneys. This 
shows that the heat is sufficiently intense to cause the evaporation of any wax that may 
have remained in the blook. After 60 or 70 hours the smoke changes from blue to a 
reddish hue; this shows that the wax is completely destroyed. The smoke is succeeded 
by a slight watery vapour, and the fire is increased until all moisture has disappeared. 
This is ascertained by placing a cold steel plate over the orifioe, upon which the slightest 
vapour shows itself in the form of a veil or dewlike drops. If at this moment it were 
possible to look into the centre of the block, it would be found to be of a deep red. When 
all symptoms of moisture have disappeared, the fire is covered up, no further fuel is added, 
and the fire goes out gradually. 

The external furnace is pulled down as soon as the bricks have oooled sufficiently to 
enable the workmen to do so without burning themselves; and in order to hasten the 
cooling of the block some of the bricks forming the cover of the interior furnace am 
also removed. Later this is also demolished, and the moulding block is allowed to cool 
In a word, it is necessary to proceed gradually for the purpose of cooling ns well as for 
that of firing, sudden changes of temperature being fatal, and the success of the operation 
depending in great part on the regularity of the process. 

The firing being now finished, the block has the same appearance as before, only 
in removing the chimneys the runner and the vent are found to be replaced by holes 
or channels, whilo another hole will l>e found at the base in the place of the wax drain. 
The wax in melting lias formed these channels, and has left a hollow space throughout 
the block between the core and the mould. Reference has been made above to the 
use of iron pins pressed into the wax bust. As long as the core, the wax, and the 
mould had not been submitted to tho actiou of the fire they formed a solid mass, bat 
witli the melting of the wax tho core has become isolated, and, as it is formed of 
exceedingly friable earth, the least motion might throw it down and break it; this 
inconvenience is avoided by the employment of the pins above referred to, which, 
penetrating through the wax, on the one hand into the core and on the other into the 
mould, render the core immovable even after the disappearance of the wax. 

The easting in bronze.—This is the last operation. The block having become 
sufficiently cool, it is surrounded with iron frames placed one above the other; the space 
between tho block and the frames is filled by pressing into it ordinary moulding earth. 
This operation requires the greatest care; its object is to prevent the block from 
bursting when the liquid bronze is poured into it by the pressure of the gas and the 
expansion of the air whilo the fused metal is flowing through the mould, a comparatively 
small quantity of metal in fusion being capable of producing effects of incredible force 
which it is difficult to uccount for. 

The block being perfectly iron-bound, a basin of iron covered with baked day and 
pierced with a conical funnel is placed over the runner and closed with an iron stopper, 
from which projects a long 6tem. The hole of the basin communicates directly with 
that of the runner; the opening of the vent is left free, but in front of it a small basin 
is hollowed out of the block. Everything is now ready for the casting. 

If the bust is calculated to weigh 50 lb., 80 lb. of bronzo are put into the melting- 
pot in order to bo certain of having enough metal, and it is necessary to allow for the 
runner, tho vent, and the drain. The bronze which has hitherto given the best results 
is composed as follows :—70 lb. red copper, 28 lb. zinc, 2 lb. tin. 

The bronze being sufficiently melted, the crucibles are lifted out of the furnace 
and are emptied into the basin above referred to; a workman at tho word of command 
takes out tho iron stopper, the molten bronzo flows into the runner, penetrates into the 
mould, fills up all the hollows, and returns to its level, the surplus metal flowing out 
St the vent into the basin that has been hollowed out of the block to receive it, 
. preceded by the air and gas driven out by the entry of the metal. 

If the operation has been made without producing noise, the casting may be eon* 
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* lord tu We been suceewfub but notwithstanding- riU the care take a to attain success, 
h'wf fault finiy have occurred, The natural curiosity to Jeuru the result may soon lie 
atitfitftL, for in J hour the metal will have cooled sufficiently to allow the block to be 
bruin-a trp, 

Tk workmen begin by lifting off the iron frames, and thou, removing the earth 
tki wu jtre^t^l round it, commence to break up the block with iron pick a t proceeding 
with pmwutkMi, end os arou as any portion of tho bronze shows itself the pick« are 
kil aatlfl fur smaller ami Lighter tools, with which the “patio ” that surrounds and 
a™?*!* the work U at length removed, the bust gradually npfieufs, and it is possible 
tojulw wLclhir the casting has been successful; the bm% itself, however, U covered 
a white crust from the potin” still adhering tu ii, mid which only partially 
iMiti Itself. To get rid of ibU crust entirely in a work of eome time. 

The ramie r, the vent, acid the drain, which have boon l mu a funned by the casting 
•"to solid bronze, are new sawn otT, the core iusido the bust is broken up, and the 
U.I is emptied; it is then placed for several hours in a bath of water and sulphuric 
•rilunl when taken out is vigorously scrubbed with hard brushes, rinsed in clean water, 
ftidfdlotred to dry. The bust is now battled over to the chasers, who efface the truce* 
!»Hj thr’ manna and vents, remove any portions of metal that may fill up the oaviLies 
into wLieh the ** potin ” has lluL penetrated, stop up with bronze the little holes left by 
iron pins and in fact place the work in a perfect state, leaving, however, untouched 
ft*'fiiibrau* of the bronze, for in this consists the merit and value of the M rire 
jsria*" peaces#, which renders no completely every touch of the artist that it seems as 
Jbdiml kneaded and worked l ho bronze with his fingers. 

Tbu bust, now com pie ted, is placed in the bands of the bronze decorators, who give 
in imitation oi that produced by oxidation; tho colour generally preferred 
*f protract busts U the brown tone of the Florentine bronzes. This artificial " patina" 
f U te prod ti col in u great variety of tones, tight or dink, but in every case it is 
uatmlio that a wati^nodelled work should have a dead unpolished surface. The 
Walfcin of n bronze work in a qtieslioa of taste or foshlnn for which there is do rule, 
•htojb no doubt for many the success of a work depends very often on its decoration. 
Iron Founding-—The following observations, while bearing more or less on 
gt^ierally, refer more particularly tu the art of the Ironfounder. 

Tiic first consideration ii the pattern from which the moulding is to be made, 
<-i pluming of which necessitates a knowledge of shrinkage and cooling strains in 
nipta], Founding operations ore divided into *1 classed, known technically as 
ptf 11 *iud moulding end loam or dry sand moulding: the first, when patterns or 
dhplinhlit ire used to form the moulds; the second, when the moulds are built by baud 
•■(krai tW aid of complete patterns. Founding involves a knowledge of mixing and 
fcrihng metals such as are used In machine construction, the preparing and setting of 
ttftftfar the internal displacement of tho metal, cooling and shrinking strains, chills, 
lumsy other things that are more or less special t and cun only be learned and under- 
.V ni actual observation and practice. 

/'aW/rnn.-^The subjoined remarks on the conditions to bo considered in pattern- 
toiling are condensed from Biehards* valuable manual on 1 Workshop Manipulation,* 
L* more than once referred to as an indispensable companion for the intelligent 
*'dvf in iiu iala. He exuamerates the following points;— 

(1} Bombi l ity, choice of plan and cost. Consider the amount of use that the patterns 
«0 Ufatjy to serve* whether they are for standard or apeciid machines, and Lbu quality 
r 'f th# castings so far ns affected by the patterns, A first-class pattern, framed to 
Vjlhilaad moisture and rapping, may cost twice ns much us another that has tho same 
M'itla^yfct the cheaper pattern may answer almost as well To form a few moulds* 

t*l Manner of moulding, and expense, so far oa determined by the patterns. These 
k* 1 l*o jarUd so as to bo “rammed up" on fallow boards or a level flnot* ot \\\a 
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patterns may be solid, and havo to be bedded, ae it is termed; pieces on the top mny 
he made loose, or fastened on bo as to *' cope off ; n patterns msiy bo well finished 
m to draw clean, or rough so that a mould may require a great deal of time to dret* up 
after a pattern is removed. 

(3) The soundness of such parts as are to be planed, bored, and turned in finishipg* 
Determined mainly by how the pattern! arc arranged, by which is the top and which 
the bottom or drag aide, the manner of drawing, and provisions for avoiding dirt and atog. 

(1) Cores, where used, bow vented, how supported in the mould, and how mndc# 
Cores of irregular form are often more expensive than external moulds, including the 
patterns; the expense of patterns is often greatly reduced, but is sometimes increa^d* 
by the use of cores, w hich may be employed to cheapen patterns, add to their durability* 
or ensure sound castings. 

(ft) Shrinkage. This is the allowance that has to be made for the contraction of 
castings in cooling, i. e. the difference between the sizes of the pattern and the casting— 
a simple matter apparently* which may be provided Tor in allowing a certain amount of 
shrinkage in all directions ; but when the inequalities of shrinkage both as to time tod 
degree are taken into account, the allowance to be made becomes a problem of no little? 
com pi i cat ion. 

(U) Inherent, or cooling strains. They may either spring and warp castings* or 
weaken them by maintained enaion in ceitarn parts—a condition that often require a 
disposition of the metal quit* different from what working strains demand. 

(7) Draught. The* bevel or inclination on the sides of patterns, to allow them to ho 
withdrawn from the moulds without dragging or breaking the sand. 

For most ordinary purposes, patterns arc made of wood ; but in very heavy parti of 
machinery, such as pulleys and gear wheels, iron patterns are preferable. As there 
must be always a proportion of loose sand and “scruff* in a costing, it is important 10 
arrange the pattern so that this part shall come in the least disadvantageoufl pobitfan. 
Thus the top of a mould or "cope” contains the dirt, while the bottom or “drag shla" 
is generally clean and soond: the rule is to arrange patterns so that the surfaces In 
be finished will come on the drag side. Expedients lo avoid dirt in each castings ns 
are to he finished all ever, or on 2 Biles, are various. Core Fid moulding and washing 
to remove loose sand, la the first requisite; sinking heads, that rise abnre the mosMii 
are commonly employed when castings are of a form wbi^h allows the dirt to collect at 
one point. The quality of castings m governed by many other conditions, such as tt>* 
manner of w gating” or flowing the metal into the moulds, the temperature and quality 
of the iron, the temperature and eharcuter of the mould. 

Cores are employed mainly for the displacement of metal in moulds; they in*J 
bo of green sand, and made to surround the exterior of a piece, as well as to mak* 
perforations or to form recesses within it. Thu term “core/ 1 in its technical tease, 
means dried moulds, as distinguished from green sand: thus* wheels or other railing* 
are said to be** cast in corea* when the moulds are made in pieces and dried. Sup¬ 
porting and venting cores, and their expansion, are conditions to which especial atteati^™ 
is needed. When a core is surrounded with hot metal, it gives off, because of moistm* 
and the burning of the *' wash,” a Jorge amount of goa which must have free mean! fl f 
escape. In the arrangement of cores, therefore, attention must be had to some means hf 
vmting, which is generally attained by allowing them to project through the auks of 
the mould and communicate with the air outside. The venting of moulds is even no*® 
important than venting cores, because core vents only carry off gas generated within 
the core itself, while the gas from its exterior surface, mid from the whole mould, ha® 
to find means of escaping rapidly from the flasks when the hot metal enters. Jf it 
not for the porous nature of sand moulds, they would be blown to pieces as so on as the 
hot metal entered them ; both because of the mechanical expansion of the gas, and 
from expiation by combustion. But fur securing vent for gas, moulds could be made 
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film plastic material, so its to product* fine castings with dcKT sharp outlines, The 
iMMrf supporting core* consist of “prints' 1 and **anchors." Trials are extensions 
d thi otyce, which project through the casting an> 1 into the Aides of the mould, to be 
Wd by Hie sind or flask. They have duplicate* on the patterns, called * core prints,” 
vbieh tbouM be of a different colour from the patterns. The nmount of surface 
faired to support pores is dependent upon their cubic contents, because the main 
tat squired is to hold them down, and not to bear their weight: the floating force of a 
o tc li as the difference between its weight and that of a solid muss of metal of the same 
sat When it is impossible, from the nature of castings, fo have prints large enough 
frnpjHft the c*uv8, this is effected by anchors,—pieces of iron that stand like braces 
Wiwrtl the cort* and the flanks or pieces of iron imbedded in the sand to receive tho 
iokflf the anchors. Cores expand when healed, and require an allowance in their 
diiTwasioua the reverse from patterns, especially when the cores are made upon iron 
ffinwa For cylindrical cores less than 6 in. dkm., or Jo^s than 2 ft. long, expansion 
not be taken into account by pattern-makers, but for large cores careful calculation 
b n^iired. 

Shrinkage, or the contraction of eastings in cooling, is provided for by adding ^ in, 
h J m. to each Toot in the dimensions of patterns. This is accomplished by employing a 
Miiik rule in laying down j>nttexu-drawings from the figured dimensions of the finished 
Inherent or cooling strain* ia a much more intricate subject. They may weaken 
®tiapi, Mr cftii&ti them to break while cooling, or sometimes even after they are finished; 
**d taittt be carefully guarded against, both in the preparation of designs and tho 
inzugomHliU of patterns, especially for wheels and pulleys with spikes* and for struts 
w Jnwei with l#Ak end* filed. The main difficulty resulting is that of castings being 
*«r]*d and sprung by the action of unequnl strains, caused by one pari cooling or 
"riling v auuner than another. This may be the result of unequal conducting power in 
parts of a mould or cores, or it may arise from the varying dime ns in us of t tie 
"■‘tings, which contain nod give off heat in the Home ratio as their thickness. As a 
HiL 1 drag or bottom side of u casting cools first, especially if a mould rests on the 
and there U not muck sand between the casting and the earth ; this is a common 
of unequal pooling, especially in large fiot pieces. Air being a bail conductor of 
kit, and t!:e oanl usually thin on the cope or top side, the result is that the top of 
amain* quite hot, w hile at the bottom the earth, being a good conductor, carries 
dtk but and troll that side first, so that the iron ‘‘seta * first on the bottom, after- 
*edi voting and contracting on tho top. 

TV draughty or the hiper required to allow path ms lo lie drawn readily, is another 
^kfiaite condition in pattern-making: may be ^ in. to each foot of depth, or 1 in., or 
k* may be no draught whatever. Patterns that are dwp, and fur castings that 
r^Uire to he pan*Ik-1 or square when finished, are made with the least p^sible amount 
^'kujght: a pattern in a plain form, that affords facilities for lifting or drawing, may 
^dfi»Tj without taper if its sides arc smooth and well finished ; pieces that are shallow 
1 ^ (nodded often shook!, as a matLcr of convenience, have us much taper as possible ; 

quantity nf draught can be as tho depth of a pattern* wo frequently boo them 
^ with a tapir that exceed* 1 in. to the foot of depth. 

TWi.—Those include crucibles or furnaces for nudting the metal: pots for carrying 

k rW mouhb; moulding flasks and implements for packing them; clamps for holding 
*b» itnabl*. 

Crumbles vary In size, shape, and composition, according to their destined uses. The 
^Ofd * plumbago " crucibles, made of graphite, ore dearest but most durable. The 
kinds are made of pipeclay. They are charged with the metal to be melted, and 
**4 in * sufficiently strong fire, such a* that obtainable on a smith’s forgo. For con- 
•Wilfl quantities of metal, the crucible id dispensed w ith, and the tucUin^ k 
^aliilaat furnace 
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The ironfounders’ pot is illustrated in Fig. G, and consists of an iron pot supported 
by a handle 'which is single at one end and double at the other. In very small 
operations this may be replaced by an iron ladle. 

Very small articles can be cast in moulds made of stone, brick, or iron, the interior 
surfaces being first coated with a •• facing” of soot, by holding over a smoky flame, to 
prevent adhesion of the metal when poured in. But for general casting operation*, 
recourse is, had to sand packed 
into “ flasks ’* or “ boxes *' sur¬ 
rounding the pattern. The flask 
resembles a box, without top or 
bottom, and made iu 2 sections, £ 
so that the top half may be lifted 
away from the bottom lialf, or 
joined to it by bolts to form the 
whole. Fig. 7 illustrates the upper “ side** of a flask, in which a is a handle, b are the 
holes by which the metal is poured in, and c are lugs carrying pins which pass through 
corresponding lioles in similar lugs on the bottom side. The pattern being placed in a 
flask of suitable size, the space intervening on all sides between tbe pattern and the 
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flask is packed in with sand, which, to be of suitable quality, must retain a boll shape 
on being squeezed in the hand, and exhibit an impression of the lines and inequalities 
of tho skin surface that pressed it. The finest quality of sand is placed next the pattern* 
and the surface of the latter is dusted with dry 44 parting sand,” to prevent adhewoa* 
The packing of tho sand is performed by the aid of a moulding-trowel (Fig. 8), whi 



wmtrtfc of a thin steel blade in a wooden handle; a moulding : wire (Fig. 9), nsefnl <* 
snoothin g corners and removing dirt from the mould; and a stamper (Fig. 10)» ® 
-rtle of hard wood or iron. Runner sticka of smooth tapering form are inserted in tW 
Im b of the flask, to make feediug ways for the metal. "When the impress of th* 
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pttfara his bffn properly taken in the mould, the pattern ie removed, and the top and 
Mfcifli lidfti of the flask are joined, enclosed on the open aides by thick h)ard^, and 
tauaftnui to a clamp (2 boards joined by adjustable nrewi) to prevent its giving way 
tn.kr the Hidden and ronsld enable pressure produced by the weight of metal poured in, 
«mi expulsive tendency of the gases generated* 
t<utiny in Sand ,— The foregoing p re pa rati on s having been completed, the metal may 
spoored In* But first, to prevent the melnt being chilled by contact with the Blind, 

’ ia*idr of the mould ie painted over with a blacking made of charred nak, which 
woire*gaase under the action of the hot iron, and prevents toe close n contact between 
mrinl and «ind* The sand ib also pierced with hulfifl to allow of the eaenjie of the 
i^amlnf ga^s evolved when the metal is poured in. If these arc allowed to force 
Ikifwty through the metal, they will caust* it to be unsound end full of flaws. The 
pmx* * thfugli which the molten iron is poured into the mould should bo m arranged 
fist the metaj runs together from different parts at the same time. If one portion gets 
juriiajlv Cipc 4 before the adjacent metal flows against it, there will be a clear division 
•tad they re**t; the iron will not be run into one mass, but will form wlinT is called 
*«di ihut The above it the simplest form of the process* When a casting is to be 
toUinr, * pattern of it* inner surface, called a “ core,’* is formed in sand, or other material, 
Rdktttn* metal may flow routid it, This leads to arrangementa in the pattern which 
■* ■ mrwhat complicated* The core For a pipe consists of a hollow metal tube, having 
Ik airfare full off h«1oS This is wound round with straw bands, and the whole is 
with loam turned and smoothed to the form of the inside of the pipe* The 
•limgth of a casting is increased if it Ik* run with a ** head ” or superincumbent column 
rf bmUI, which by its weight cum presses the metal below* making il more compact* 
a; d frtti ffotu bubbles, scoria?, do. These rise into the head, which m afterwards cut 
<d F"r i he same mission, pipes and columns am generally east vertically, that is when 
mould is standing on end, This position has another advantage, which is that the 
*•►1*1 k» more likely to be of uniform density and thickness all round than if the pipe 
"fvderan is run in a horizontal position. In the Intier ease, the corn is very apt to ha 

* KUitfjttl of Uic oentre, so as to cause the tube to bo of unequal thickness* In casting 

* hr/i number of pipes of the same size, iron paLtems are used, as they are mens 
durable Qum woodi a ones, and draw cleaner from the sand. Socket pipes should bo 
*** “ilb their sockets downwards, the spigot end being made longer than required for 
tWa finWked pipe, m* that the sconce, bubbles, rising Inti it may Iso cut off* Pipes 
^ t it snuill diameter* are generally cast in an inclined position* 

Ceding in Loam .—Large pipes and cylinders are cast in a somewhat different way, 
AWtow vertical core of somewhat less diameter than the interior of the proposed 
tyimkr is formed either in metal or brickwork. The outer surface of this is plastered 
ftftuck coating of loam (which wc may call A), smoothed and scraped to the exact 
kfcrml diameter of the cylinder (by mentis of a rotating vertical template of wood), and 
with “ parting mixture/' Over (his is spread a layer of loam (B) thicker than 
tttfpfiqwwd easting; the outer surface of B is stmek with lho template to llie form of 
^tsieriorof tiie proposed casting, and dusted with parting mixttiro* This surface ia 
with a third thick covering of loam (C), backed up with brickwork, forming a 
hndt upon a ring resting on the floor, so that it can be removed* The outer 
to* cope is then temporality lifted away upon I bo ring* The coating (E) is cleared 
H uul the cope is replaced iso that the distance between its inner surface and the outer 
flThr* of a is equal to the thickness of the casting. The metal is then nm in between 
' «nI A* When cool, C and A ran be broken up, and ihe casting extracted. The core, 
^ttovo to be well dried in ovens before the metal is run* B is often dispensed with, 
* Q, i l^e inner surface of C llmck with the template. 

JW nf Cadint }**—The shape given to castings should be very careful! v eunwwWrfciL 
of form should bo gradual. Sharp corners or angles turu a sourc e \A w 
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This is attributed to the manner in which the crystals composing the iron atf&ngo 
themselves in cooliDg. They place themselves at right angles to the surfaces forming’ 
the corner ( so that between the two sets of crystals there is a diagonal line of weakness. 
All angles, therefore, both external and internal, should be rounded off, There should 
be no great or abrupt differences in the bulk of the adjacent parts of the same casting, 
or the smaller portions will cool and contract more quickly than the larger parts. When 
the different parts of the casting cool at different times, each acts upon the other. The 
parts which cool first resist the contraction of the others, while those which contract last 
compress the portions already cool. Thus the casting is under stress before it is called 
upon to bear any load. The amount of this stress cannot be calculated, and it is there¬ 
fore a source of danger in using the casting. In some cases it is so great as to fracture 
the casting before it is loaded at alL The internal stress, produced by unequal cooling 
in the different parts of a casting, sometimes causes it to break up spontaneously seven! 
days after it has been run. Castings should be covered up and allowed to cool as slowly 
as possible; they should remain in the sand until cool. If they are removed from the 
mould in a red-hot state, the metal is liable to injury from too rapid and irregular 
cooling. The unequal cooling nnd consequent injury, caused by great and sudden 
differences in the thickness of parts of a casting, arc sometimes avoided by uncovering 
the thick parts so that they may cool more quickly, or by cooling them with water. Ik 
is generally thought that molten cast-iron expands Blightly just at the moment when it 
becomes solid, which causes it to force itself tightly into all the corners of the mould, 
and take a sharp impression. This, however, has been disputed. Superior castings 
should never be run direct from the furnace. The iron Bhould be remelted in a cupola. 
This is called “ second melting; ” it greatly improves the iron, and gives an opportunity 
for mixing different descriptions which improve one another. Castings required to he 
turned or bored, and found to be too hard, are softened by being heated for several hours 
in sand, or in a mixture of coal-dust and bone-ash, and then allowed to cool slowly. 

Examination of Castings .—In e xamining castings, with a view to ascertaining their 
quality and soundness, several points should bo attended to. The edges should be struck 
with a light hammer. If tho blow make a slight impression, the iron is probably of 
good quality, provided it be uniform throughout If fragments fly off and no sensible 
indentation bo made, the iron is hard and brittle. Air bubbles are a common sod 
dangerous source of weakness. They should be searched for by tapping the surface of 
the casting all over with the hammer. Bubbles, or flaws, filled in with sand from the 
mould, or purposely stopped with loam, cause a dillness in the sound which leads to 
their detection. Tho metal of a castiug should ho free from scoriae, bubbles, core nail* 
or flaws of any kind. The exterior surface should he smooth and clear. The edges of 
the casting should bo sharp aud perfect. An uneven or wavy surface indicates unequal 
shrickuge, caused by want of uniformity in the texture of the iron. The surface of a 
fracture examined before it has become rusty should present a fine-grained texture, of an 
uniform bluish-grey colour nnd high metallic lustre. Cast-iron pipes should be straight, 
true in section, square on the ends and in the sockets, the metal of equal thickness 
throughout. They should ho proved under a hydraulic pressure of 4 or 5 times the 
working head. The sockets of small pipes should be especially examined, to see if they 
are free from honeycomb. Tho core n dls are sometimes left in and hammered up. 
They are, however, objectionable, as they render the pipe liable to break at the points 
where they occur. 

As there is an endless variety of patterns from which moulds are made, it will he 
necessary to divide them into light and heavy work. Stove castings are very light 1 a 
the moulding of such work, much depends upon the quality of sand used; the moulders’ 
heap should bo composed of no more than £ loam, the other & being a very open sand. 
This makes a good strong mixture, which will not allow the sharp corners and fine 
ornamental work to be washed away when the molten, iron is poured into the mould. In 
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eh work, the moulder should bo careful that the sand on top and bottom of 
in not rammed hard ; but the sides or edges should be well rammed, in order 
ting may not strain from having n soft parting. Great care should be taken 
the bet nun board is well bedded on the dusk, after which it should be 
1 the vent wire used freely. The venting of the work is often but partially 
outjt of the point of the vent wire coming into contact with the pattern ; nud 
m enters the mould, it finds its way into said venU, fills them up, and Ibua, 
e. prevents the escupo of the gas that arises from the iron coming in contact 
irotutl, graphite, or soapstone with which the mould has boon dusted to pre- 
id from adhering to the easting. The bottom board should then be carefully 
the flask, and dogged down so that in the act of turning it over it cannot 
I would cover the vents over with sand, Thu top part of the fla^k (or cope, 
ned) needs the same care in ramming over the pattern as the bottom, and 
ell vented. If the mould has any high projections in the oupe. they should 
ed; for It is at these elevated points that a large portion of the gas accumu- 
cdsa quick exit, in order to make sharp comers on the casting and prevent 
bo strainings of castings in this branch oF the trade is greatly duo to an 
unoimt of weight being placed on the flank, or the parts not being properly 
ther, as well as to the rapidity with which the iron is poured into the mould, 
h the height of the runner. Cutting short the supply of iron as Boon as the 
ill, and a careful watching of the work to bo poured, will in most cases 
trouble of the costing being thicker than the pattern, 

s warping of the plates, much depends upon the quality of iron used and the 
the pattern-maker. It can often he prevented, in a measure, by the moulder, 
runner from the round sprue no thicker than the piece to bo cast; uud us 
netal is poured, by digging away in frunt of the sprue an l breaking it kiosa 
ting, W h c re a flat sprue is used, this hr euki ng off sh ould in variably be don© 
ie runner is coni enough, Being wed ge-s imped, with the small end of lire 
iwords, it lifts a portion of the casting in shrinking, ami thus causes it to bo 

work, care and judgment are needed, and it requires a cion's lifetime to 
cient, In ramming work that is to bo poured on its end, having o height of 
ere is no risk in well packing the sand, for $ its height, around the pattern ; 
[tear the top, ram It as you would a pattern no more than 1 fL in thickness, 
all such work should be very open or porous, in order to prevent scabbing, 
so large a quantity of iron used, much steam and gas are generated iu the 
there is no other way of escape for thorn but through the vents, there 

> fault in this particular part of the mould, Iu the pouring of such work, it 
i it from the bottom. If a runner is used, do not raise the risers to correspond 
th the runner, as by bo doing you increase the amount of strain on the mould ■ 
itlo basin around the risers by ramming out the sprue holes with the finger, 
ide nearest the outer edge of the flush form a lip for the surplus iron in the 
n oyer on to the floor. When heavy work is bedded in the floor, too much 
ie taken in preventing the dampness of the ground beneuth from striking 

► the mould* The sand that is thrown out of the pit, if it lias been of long 
ould not be used for the maul ling of that piece ; for it is too cold and damp 
tie thrown cm one side, and allowed to stand, that it may dry nnd warm up. 
Udlcfula of iron that remain iu the furnace after the work on the floor has 
, cun bo run into pigs in this sand, which will greatly help to fit it far 
&e* In the venting of heavy work, the small vents should terminate in a 
argo ones, which should have an opening on both sides of the mould : 
ht would be formed to carry off the gaa which is continually grow ing as the 
iu the act of pouring the iron into the mould. 
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All men connected with this branch of the trade hare heard that sharp report whieb 
immediately follows the pouring of a large piece, and which is cansed by the confined 
gas in the lower end of a large vent y there being no draught to drive it oat When 
facing is used, much more care is needed in venting. In the making of large pulleji 
and gear-wheels, too much care cannot be taken in this particular. Not so most 
depends upon the ramming of such work as upon the venting for the proper exit of tts 
gas from the sand in the immediate vicinity of the mould; for if the mould has bea 
rammed harder than there was any necessity for, and the venting has been property 
looked after, there is not much danger of the casting being a poor one. Such work 
should invariably be run from the hub or centre, with sufficient risers, arranged M 
above described. This branch of the trade is called green-sand work, and it involves ft ’ 
large part of the art of ramming. 

Shrinkage of Iron Canting *.—The chief trouble with iron castings is their liability!® 
have internal strains put upon them in cooling, in consequence of their shrinking. The 
amount of this shrinkage varies with the quality of the metal, and with the size of thft 
casting and its comparative thickness. Thus locomotive cylinders shrink only about 
•f l T in. per ft. (1-102 = *00f>2), while heavy pipe castings and girders shrink in. per 
ft. (1-120 = *0083), or even J in. per ft. (l-9d = *0104). While small wheels shrink 
only -gb- in. per ft. (1-300 = *0033), large and heavy ones contract TJ in. per ft 
(1-120 = *0083). The “shrink-rule” is employed by pattern-makers to relieve then 
of the labour of calculating these e xcesses, the scales being graduated to inches, Ac* 
which are *0052, *0083, Ac., too long. Now, if thi'k metal proportionately shrink® 
more thun thin, we must expect any casting not absolutely symmetrical in every direo- 
tion to change its form or projxirtion. A cubic or spheric mould yields a cube or ft 
sphere as a casting; but a mould, say of the proportions of 100 X ii X 1, shrinking 
differently according to dimensions, gives a casting not only less in size but in somewhat 
different proportion. In many cases we still find them strained and twisted. Th«® 
parts which cool first get their final proportions, and the later cooling portions strain the 
earlier, the resistance of which to defor¬ 
mation puts strains on thoso cooling. n. 

This initial strain may of itself break 
the casting, and, if not, will weaken it. 

Castings of excessive or varying thick¬ 
ness, and of complicated form, are most 
in danger from internal strain. This 
strain is gradually lessened in time by 
the molecules *‘ giving.” In a casting 
such as a (Fig. 11), say a thick press 
cylinder, the outer layers solidify and 
shrink first, and as the inner layers 
contract after the outer ones have “ set,’’ 
there is compression of the outer layers 
and tension of the inner. Such a 
cylinder will, if subjected to internal 
pressure, bo weak, becauso there is 
already in the inner layers a force 
tending to expand them. The cylinder 

would be stronger if these layers wero braced to resist extension, or, in other worf*» 
were already in compression. If we cool the interior first, by artificial means, whfl® 
delaying the cooling of the exterior layers, we have these layers braced to recefoft 
gradual or sudden pressure, and this is especially desirable in cannon. In a pand 
like b, with a thin but rigid flange, the diagonals shrink more slowly than the riift* 
mod a crack is likely to appear. A casting like that in o vrould solidify on the this 
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> mid when the thick ride eh male, it would curve the bar and compress tbo 
't, mkJ put the thin in tendon. Wheel and pulley endings d are especially 
rat. The latter have a thin rigid rim, which cools before *th© arms, and when 
r they are very apt to break by tension. If the arms set first, they n ie 
*nk the rim, he they make a rigid abutment which redds the rim-oou tract ion T 
the rim and breaking it from within outwards. In the cooling of casting, 
c-left range themselves in crystals [yerpendicular to tlm cooling surface; hence 
ixpeeL to find weak points at sharp corners, as in e, The remedy for this is to 
nil angles, 

hjj I tom Ckvitiwg **—The service part of a casting that is wanted to retain a 
hope ; size, and smoothness, and to withstand constant wear and tear, can in 
5ft Iju chilled, when oust, by forming the shape of iron instead of sand. The 
U or chill, when made of cast-iron, should be of the best strong- iron, having 
e contraction, as the sudden heating of the surfaces by the melted iron U liable 
it, sri thin in a short time lire face will be full of small cracks nr raised blisters, 

•-lied grey iron is poured around or against the surface of solid iron, it is chilled 
in, in depth, depending on the hardness and closeness of the iron the mould h 
with. In order hi chill this inn as deep «s 1 j iu. and upward, there must be 
*t steel radial in the cupola. The proportion will depend on the quality of 
and st-rel lined. Stool borings can be put into the ladles, and the hot iron let 
i them; but the liest plan is to have some old steel eastings or pieces of 
U, and melt them in the cupola, and when the iron is in the ladle, mis or 
im lal with a large rod. With strong, close iron, about 1 part steel to 5 of 
I cwuoe a chill of 1J in, Iron for making drilled castings should lie strong, 
ig iron impairs its strength. An iron 11 rat contracts very little In cooling is 
mitest imfv«rUnce in keeping chilled castings from checking or cracking, 
following may explain the cause of chilled c taring being had, 
lh! iron, when poured inside a chill, similar to a roll or car-wheel chill, cools 
is n shell in a very short time, the thickness of which will depend on the hardness 
pmrturw of Urn iron. It is during the course of the first 2 or 3 minutes that 
rising or cracking takes place; for as soon as melted iron commences to cool 
, it start* to contract more or less, and cm the shell thus formed besoran coo], or 
ten, it contract* and loaves the surface of the chill, so that the con I meting shell 
rr holds in the pressure of the liquid iron in rid o. Should the mould not be 
el, the inside liquid metal will have the most pressure at the lowest point of tho 
d will cause this part to burst open, A cheek or crack never starts nt Ihe top 
l mould, but always at the bottom, and if you look closely at one of these cracks 
w?e it w the largest at the bottom, and running up to nothing. In some eases 
t&u where I be inside liquid iron haai flowed out, and parily filled up the crack, 
ir as mixing the iron ia concerned, it will stand a deal of variation, and it ia 
Xcuae fora iacreIder to put the blame on the melter for 3 or 4 bad wheels nut 
at of 16. If he would make a straightedge that would reach across the top 
c down ini to Urn turned level bice of the chill, anil then level hi* flunks instead 
ilng them in any shape, the fuel ter would not get blamed su much as he dot's 
ud wheels. 

iking chilled rolls, the temperature of the iron is as important a point as it is in the 
tore of (VUMriioela, The iron should he poured us dull as possible, for the duller 
the quicker and thicker is the outride shell formed, thereby offering a «tron|for 
c to the pressure of the inside liquid iron. Of course, the moulder must uso 
mmt in rnolioj off the iron, for if loo dull, the face of the chilled part will 
shut, and look dirty. The rolls should be poured quickly at the neck, and the 
it, i a as to whirl the iron and keep all dirt in the centre nod away from the 
the drill. When the mould is full, do not put in the feeding-tod unVd 
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neck is about to freeze up. When you do put it in, do not ram it down suddenly 
so as to cause a pressure on the contracting shell, which would be liable to crack it 
When feeding, work the rod slowly. It is better to make the chills as hot as possible 
by heating them in the oven, as tho iron will lie closer and make a smoother c&stiig 
against a hot chill than when poured against a cold one. By having the mould deed 
level, the pressure will be equal all around. Whenever there is a check or crack, yon 
may depend that it is caused by unequal pressure of the confined liquid metal against 
the contracting shell. 

FORGING AND FINISHING.— These terms are defined by Richards, in 
his ‘ Workshop Manipulation,' in the following words: 44 Forging relates to shaping 
metal by compression or blows when it is in a heated or softened condition; as m 
process it is an intermediate one between casting and wh&t may be called the cold 
processes. Forging also relates to welding or joining pieces together by sudden 
heating that melts the surface only, and then by forcing the pieces together while in 
this softened or semi-fused state. Forging includes, in ordinary practice, the preparation 
of cutting tools, and tempering them to various degrees of hardness as the nature of 
the work for which they are intended may require; also the construction of furnace® 
for heating the material, and mechanical devices for handling it when hot, with tbs 
various operations for shaping. Finishing and fitting relate to giving true and accurate 
dimensions to the parts of machinery that come in contact with each other and an 
joined together or move upon each other, and consist iu cutting away the surplus material 
W’hich has to be left in founding and forging because of the heated and expanded 
condition in which the material is treated iu these last processes. In finishing, material 
is operated upon at its normal temperature, iu which condition it can be handled, 
gauged, or measured, and will retain its shape after it is fitted. Finishing oompie* 
bends all operations of cutting and abrading, such as turning, -boring, planing, and 
grinding, also tho handling of material; it is considered the leading department ii 
shop manipulation, because it is the one where the work constructed is organized and 
brought together. The fitting shop is also that department to which dr&wingi 
especially apply, and other preparatory operations are usually made subservient to tba 
fitting processes. A peculiarity of forging is that it is a kind of hand process, wh 
the judgment must continually direct the operations, one blow determining the neA 
and w hile pieces forged may be duplicates, there is a lack of uniformity in the manner 
of producing them. Pieces may bo shaped at a white welding heat or at a low red 
heat, by one or two strong blows or by a dozen lighter blows, the whole being governed . 
by the circumstances of tho work as it progresses. A smith may not throughout » 
whole day repeat an operation precisely in the same manner, nor can he, at the beginning 
of an operation, tell tho length of time required to execute it, nor even the precis® 
inunner in which he will perform it. Such conditions are peculiar, and apply to forging 
alone.” 

The technical phrases employed in forging are thus explained by Cameron 
Knight:— 

To “ make up a stock.”—Tho “ stock ” is that mass of cool or coke which i* 
situated between the fire and the cast-iron plate, through the opening in which tbs 
wind or blast is forced. The size and shape of this stock depend upon the dimension* 
and shape of the work to be produced. To make up a stock is to place the coal in 
proper position around the taper-ended rod, which is named a “ plug.” The taper end 
of tho plug is pushed into the opening from which comes the blast; the other end d 
the plug is then laid across the hearth or fireplace, after whieh the wet small coal k 
thoroughly battered over the plug while it remains iu the opening, and the ooal pikd 
up till the required height and width of the stock is reached ; after which the plug k 
taken out and the fire made, the blast in the meantime freely traversing the opening 
made in the stock by the plug. 
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Fire-irons^ These consist of a poker with email hook at one end, n fdico, and rake. 
m piker with small book is used for clearing away the el inker from the bla^t-hole, 
in (or holding smalt pteors of work in the fire. The slice in a small flat -hovel or 
pi*, and i* used for Uttering the coal while making up a stork. The slice in also 
m*\ fur adding coal to the fire when only ft small quantity is required at one time. 
tV &ke cvuisiata of a md of iron nr steel with a handle at one end. and at the other a 
rifht'tiiglr bend of tlal iron, and ia Hied to adjust the coat or coke into proper position 
while the piece to bo forced k in the fire. 

!h»L—Thk terra is usually applied to a long slender piece of iron, whose section 

fcetmtiar. 

Ehr—Ebr signifies b rod or length of iron whose section is square, or otherwise 

itriiAf, infUid of circular. 

Fkte.—This term is applied to any piece of Iron whose length and breadth voi y 
tii'-b tieecd its thickness. Thin plates of iron arc termed *■ shcetM.'* 

Tu * take a hr at.'*—This signifies to allow the iron to remain in the fire until the 
*qiM heat is obtained. To 41 take a waiting heat * J ia to allow the iron to reihsin in 
& fire till lint enough to melt or partially melt 
To “ finish at oat heat** is to do all the required forging to the piece of work in hand 
U bating mice only. 

Tn* i fa>w down.”—Drawing down signifies reducing n thick bar or rod of iron to any 
%|umd iliatm t*'r. There ary several methods of drawing down: by a single hammer 
is tits kind of one man; by a pair of hummers in the hands of 2 men ; 5 or G hammers 
■ay be also u^ol by 5 or fi men. Drawing down is also effected by steam-ha turners, 

■tr tuuaim and rolling-mill a. 

To "draw away/*—Thk term signifies the same us to draw down. 

To "upset**—This operation is the revemo of drawing down, and consists in making 
• thin iui or rod into a thick one; or it may con^ht in thickening a portion only, such 
Si tiutt middle or end, or both enda. The operation is performed by heating the iron to 
i ytdow heal, or what is named a white Lent, and placing one end upon tho anvil, or 
lyu lie ground, and striking the other end with 3 or 4 hammers, m required. Iron 
lay t* tier upset, while in the horizontal position, by pendulum hummers and by 
Iks ttraru^triker. which will deliver blows at uny angle from horizontal to vertical. 

Scarfing,—This operation includes 2 processes—upsetting and bevelling. Scarfing 
*f MrVit In for the purpose of properly welding or joining 2 pieces of iron together. 
Whfi the pfnoes ore rods or bars, it is necessary to upset the 2 ends to be wedded, so 
tia Pm hammering which unites the pieces shall not reduce the iron below iho 
lupxijfd dimensions. After being uptet, the 2 ends are bevelled by a fuller nr by 
Ilk hammer. 

Jkit>wtltL—When a nd or bar ia welded to another bar or plate* so that the joint 
•kllhe at right angles to the bar, it is termed a butt-weld. 

Tongue-joint.— This joint is made by cutting open the end of a bar to be welded 
Iftanoitiftr, whose end is tapered to fit the opening, and then welding the 2 Uira together. 
To * punch" fs to make a hole, either square or round, in a piece of iron by men rig 
apian or round taper tools, named punches, which are driven through the iron by 
hand* Lamm ers or by steam-hammers. 

Tu * drift out w ia to enlarge a hole by menna of a taper round or square iool, 

tow! a drift. 

The hammerman is the assistant to the smith, and uses the heavy hammer, named 

■* darijjgc, when henry blows are required. 

Th* Tuyere or Tweer,—This is a pipe through which the blast of air procci ds to 
ftrek, ami thence to the fire. The nozzle of the tweer is the extreme and or 
t«rt; ( .u of the tweer which is inserted into the opening of the plato against whk\\ Ihft 
•M: is In jilt C Meohsuiciao and Constructor, *) 
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Forges or Hearths .—These are made in a great variety of form and s 
obtaining the necessary blast by means of bellows, others by rotary fans or 
some with a single and others with a double blast; some with, others withoi 
according to the work they aro destined for. Fig. 12 illustrates a “ cyclops' 
forge, with a pan 20 in. across, weighing altogether 106 lb., 
and costing 90s.; this size is only suited for riveting.. The 12 . 

blast is produced by a small rotary blower. The square 
form of pan, 34 in. by 20 in., will heat 2-in. round iron, 
weighs 2 cwt., and costs 140s. Fig. 13 is a portable forge, 
the pan consisting of a box made with thin iron plates, 

19 in. square and 9 in. high when closed, as shown at 
B, and capable of containing all the tools accompanying the 
forge, as well as the bellows and legs. This forgo is 
made by Schaller, of Vienna, and is much used in the 
Austrian army. In largo forges the tuyero pipe feeding the 
blast to the fire is rendered more durable by the constant 
application of a stream of cold water. 

- Anvils .—An anvil is an iron block, usually with a steel 
face, upon which metal is hammered and shaped. The » 



ordinary smith’s anvil, Figs. 14 and 15, is one solid mass of metal,—iron in 
states; C is the core or body; B, 4 oomers for enlargiug the base; D, Fi 


projecting end; it contains one or two holes for the reception of set u 



pieces of iron, or for the reception of a shaper, as shown at E, Fig. 15. In j 
Ant pieces of metal, in forming the heads of nails or bolts, and in numerous oth 
hose holes a of ordinary anvils aro not only useful but indispensable. T1 
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Vn A. is used for taming pieces of iron into a circular or ourved form, welding 
and for other similar operations. In the smitliery, the anvil is generally 
i intod on the root end of a beech or oak tree; the anvil and wooden block must 
l to firmly connected, to render the blows of the hammer effective; and if the block be 


14 . 15 . 



B art firmly connected to the earth, the blows of the hammer will not tell. The best 
■ ttfik anvil-stakes, and planishing hammers are faced with double shear-steel. The 
B MAcingsare shaped and laid on a core at a welding heat, and the anvil is completed by 
B king reheated and hammered. 
m When the steel-facing is first 
m Applied, it is less heated than 
I the core. But the proper 
| kudeoiiig of the face of the 
I Anril requires great skill; the 
fiice must be raised to a full 
fcd-heat, and placed under a 
descending column of water, so 
that the surface of the face may 
continue in contact with the 
soceessive supply of the quench¬ 
ing fluid, which at the face 
retains the same temperature, 
as it is rapidly supplied. The 
rapidity of the flow of water may bo increased by giving a sufficient height to its 
descending column; it is important that the cooling stream should fall perpendicularly 
to the face which is being hardened. Heat may escape parallel to the face, but not in 
the direction of the falling water, 
rbe operator, during this hardening 
vroce ss, is protected from spray and 
moke by a suitable cover, and by 
onfining the falling water to a tube 
rhich most contain the required 
*oltime. When an anvil is to be 
taed for planishing metals, it is 
toll shed with emery and crocus 
towders. It is better to be too 
ie»vy than too light, and may 
ange from 2 to 5 cwt., according to the work to bo done on it. On being tapped with 
. hammer, it should give out a clear ringing note. It is generally used with the tail 
square) end towards the right hand, and the horn (beak iron) towards the left. 

Vice* and Tong*, — Of vices there is a great variety; Fig. 16 is a typical fcxampla 
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of a malleable iron parallel Tice. Fig, 17 ts a useful little combined anvil and vice, fas 
10 in. by 4, 4-in. jaw, weight 40 lb., costing 22r. fid. Tongs are usually home-msde, 
and will be described further on. 

Hammers .—Upon the principles underlying the shapes sizes, and uses of hammer?, 
much will be found under the heading of Carpentry. A few representative forms of 
hammer head are shown in Figs. IS, 19: a to d are used by engineers and mechanic^ 



6 to k by boiler-makers, whilo l is a sledge luimmer. All but l are band-hammers. Tiff 
differ mainly in the furm of the pane, the head remaining pretty much the same; a its 
cross pane, b a straight pane, c a ball pane, and so on. Hand-hummers mostly rang* 
between 1 and 4 lb. in weight ; chipping hammers, J-I J lb,; riveting hammers, f-Slh; 



sledge hammers not exceeding 8 lb. in weight are "nphanded,'* i.e. only raised toil 
littlo above the shoulder, while the heavier ones (8-1G lb.) ere “swung 1 ' in a complete I 
circle. The machinists’ hammer is mode heavier at the face than at the pane end, » ! 
that the hammer will naturally assume a position in the hand with the face down words, 
thus relieving the workman from the necessity of specially forcing it into that position* 
In using a hammer it is essential to study the difference between a sharp blow with s 
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ht hammer am! a slow Mow with a heavy oner the former penetrate farthest and 
least lateral pressure; while the Litter penetrates ltss spreads more side way a, 

Cutlimj 1W*,—The following remarks are in the mam condensed from a lecture on 
iijels and Chisel-shaped Tools, delivered by Joshua Hoao before the Franklin Institute, 
dladelphia- 

In Figs. 20 and 21 are shown the shapes tti which flat cluse's are made. The difference 
tween the two is that, as the cutting edge should be parallel with the flats on the 
■Uel, and m Fig. 20 has the 
tdeet flat, it is Mwii-r to tell 
tth it when the cutting edge 
ad the flat are parallel; there- 
>rc the broad flat is the host 
tude in holding the chisel 
»rd with the surface to bo 
Upped, Either of these 
&i»ctois of & proper width for 
trough Mmh or steel, because 
ckbeli used on those metals 
Ukr ill the power to drive that 
given with a hammer of 
the usual proportions for heavy 
clipping, which Ls—weight of 
Wtaer t 1| lb.: length of 
Wimr handle, 13 In,; the 
Wlktohe held at its cud and 
'tinging hack about vertically 
wthc shoulder. 

If si narrow a chisel he used 
"ft wt-iran or burn, with full-force hammer blows, it will break out the metal instead 
1 i cutting it. and the break may coma below the depth wanted to chip, and leave ugly 
r *utic 3 . So for these metals the chisel must he made broader, tut in Fig. 22, go that 
tmm of the blow will h # append over a greater length of chiwd edge, and the edge 
^ill nol move forward so much at each blow, therefore it will not break the metal out. 

Another advantage is that the broader the chisel the easier it is to hold its edge 
fob vith the work surface and make (smooth chipping. The chisel point must be made 

23 . 24 . 




* thin *9 possible, the thick nets shown in the sketches being suitable for new dike la 
h grinding the 2 facets to form the chisel, be careful to avoid grinding thorn rounded, 

* shown in a in th« magnified chisel ends in Fig, 23 ; the proper way Ik to grind them 
at, m at b i tj the sketch. Make the angle of these 2 facets &* acute as you can, because 

i«j child will then cut Mster* 
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The holding angle at r, in Fig. 24, is about right for brass, and that at d is about 
right for steel. The difference is that with hard metal the more acute angle dulls too 
quickly. 

Considering the length of the cutting, it may for heavy chipping be made straight 
as in Fig. 20, or curved, as in Fig. 22, which is the best, because the corners are relieved 
of duty and are therefore less liable to break. The advantage of the curve is greeted 
in fine chipping, because, as seen in Fig. 25, a^thin chip can be taken without cnttiwr 
with the comers, and these corners are exposed to the eye in keeping the chisel edge 
level with the work surface. 



chisel to be beyond control; besides that, there will be a force that, acting on the wedpe 
principle and in the direction of the arrows, will operate to spread the comers nail 
break them off. 

Do not grind the facets wider on one side than on the other of the chisel, as in Fig 
because in that case the flat of the chisel will form no guide to let you know w3j«i 



the cutting edge is level with the work surface. Nor roust you grind it out of eqtmrt 
with the chisel body, as in Fig. 29, because in that case the chisel will be apt to jump 
ddeways at each hammer blow. 

X quantity of metal can be removed quicker by using the eape chisel in Fig. SO, to 
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first cut ooi jrroriTes, as at o, K and c in Fig. 31. spacing these grooves a little narrower 
Alt ihuo 111* 1 width of the flat chisel, and thus relieving its corners. It Is necessary 
|o el Jt *pe die end of this chisel as at a anil ii, and not as at c, as in Fig. 30, so as to lie 
aMe to more it sideways to guide it in a straight linn, and the parallel part at r will 
mt* rU't* with Uih, so that if the chisel is started a very little out of line it will go 
^£jli fiitbt f out of Hue, and cannot be moved sideways to correct this. 

Tins round-nosed chisel. Fig. 32, must not be mode straight on its convex edge: it 
ntH) b*? strai^lit from h to ij, but from g to the point it must bo bevelled so that by 
ultt-rinfr the height of the chisel head i t is possible to alter the depth of the cut* 

Tli# cow-mouthed chisel, Fig. 33, must be bevelled in the* same way, so that when 




34 * 



I L 


r_ 
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a»rl to cut out a round comer, as at / in Fig, 31, you can move the hi ad to the 
fight »r to the left, and thus govern the depth of its cut. 

The oil groove chisel in Fig. 34 must be made narrower at a than it is ncross the 
rum* i •> it will wedge it* the groove it cuts. 

The diamond-point chisel in Figs. 35 and 3G must be shaped to suit the work, 
l*miwe if it is not to be used to cut out the corners of very deep bolus, you otm 
Wl it nt m and thus bring its point x central to the body of the steel, in* shown by the 
Uni? g, rendering the comer x less liable to break, which is the great trouble with 
tin eh lie I, But as the bevel at wt necessitates the chisel being leaned nvrt ns at tj in 
% SI, it could iu deep holes not be kept to its cut; to you must omit llio bevel at m, 
“'1 iiakt ikit *dge straight as at r in Fig. 3ti* 

Tur >jde chisel obeys just the same rule, so you may give it bevel at w in Fig, 37 
W it*Ho* hob s, nod lean it over us at r in Fig, 31, or mnku the side v te straight along 
to shale length, for deep ones; but in all chisels for slots or mortices it is desirable lo 
if the circumstances will permit, some bevel on the side that meets the work, so 
depth of the cut can !>e regulated by moving the chisel bend, 
hi nil lb* ^i this* la, the chip on the work steadier the cutting end, and it in clear that 
I- 1 a nrr? you hold the chisel at its head the steadier you can hold it, and the loss 
MtahdUy u, hit your fingers, while the chipped surface will t*e smoother, 

Tn lake a chip off a piece of wrought boo, if it is a heavy cl dp, stand well away 
ka the vice, as an old hand would do, instead of close to it, oh would be natural in an 
itniniCmrted beginner. In the one case the body U lithe and supple, having a slight 
in miHirt with the hammer; while iu the other it is eon&truined, nnd not only feds 
k Mb ftwkwurd* IT, now, you wish to take a light chip, you must stand nearer to the 
*+ that you can watch the chisels action and keep Ha depth of cut level* Vu 
kb wx* jou push the chisel forward to its cut and hold it as steadily as you cm* \% 

t % 
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Is a mistake to move it at each blow, as many do, because it cannot be so accurately 
maintained at the proper height. Light and qniok blows are always necessary for the 
finishing cuts, whatever the kind of metal may be. 

With the side chisel there must be a bevel made at the end in order to enable the 
depth of cut to be adjusted and governed, for if you happened to get the straight chisel 
too deeply into its cut, you cannot alter it, and unless you begin a new cut it will 




get embedded deeper, and will finally break. Hut with this side chisel (Fig. 37) that 
is slightly bevelled, you can regulute the depth of cut, making it leas if it gets too 
deep, or deeper if it gets too shallow. 

The chisel that is driven by hammer blows may be said to be to some extent a 
connecting link between the hammer and the cutting tool, the main difference being | 
that the chisel moves to the work while the work generally moves to the cutting tool. 

In many stone-dressing tools the chisel and hammer are combined, inasmuch as that 
the end of the hammer is chisel shaped, an example of this kind of tool being given in 
the pick that flour millers uso to dress their grinding stones. On the other hand, we 
may show the connection between tho chisel and tho cutting tool by the fact that the 
wood-worker uses the chisel by driving it with a mallet, and also by using it for t 
cutting tool for work driven in the lathe. Indeed, wo may tako one of these carpenter^ 
chisels, aud fasten it to tho revolving shaft of a wood-planing machine, and it becomes 
a planing-knife; or wo may put it into a carpenters’ hand plane, and by putting to the 
work it becomes a plane blade. In each case it is simply a wedge whose end is m*de 
more or less acute so as to make it as sharp as possible, while still retaining strength 
enough to sever the material it is to operate upon. 

In whatever form we may apply this wedge, there are certain well-defined mecha¬ 
nical principles that govern its use. Thus, when wo employ it as a hand tool its 
direction of motion under hammer blows is governed by the inclination of that of its 
faces which meets the strongest side of the work, while it is the weakest Bide of the 
material that moves the roost to admit the wedge, and, therefore, becomes the ebip, 
cutting, or shaving. In Fig. 38, for example, we have the carpenters’ chisel operating 
at a and b to cut oat a recess or mortice, and it is seen that so long as the face of the 
chisel that is next to the work is placed level with the straight surface of the work, the 
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4jili r-Jf cut will be equal, or, in other wonls, the lino of motion of the chisel ia that of 
tk ekmi face that tie* against the walk- Ate and d ia a chisel with, in the ouo 
j.AiaQa, the straight, and la the other Ike bevelled face toward the work surface. In 
h th casts the cut would gradually deepen lx cause the lower tiurfheo of the chisel is not 
(fcni'lel to the face of the work. 

If now wo consider ibu extreme cutting edge of the chisel or wedge-shaped took, it 
till iwdily occur that but fur the me Lai behind this fine edge the shaving or culling 
wmilj eume off iti a straight ribbon, and that the be ml or curl that the cutting assumes 
inerts with the angle of tho face of the wedge that meets the entting, shaving, or 
«%* For example, if you tnko a piece of lead, and with a penknife held as at a, 
F& 3!) ( cat off a curb *t will be bent to a large curve ; but if the same knife is held as 
*1 \ it will otibe the shaving to curl up more. It has taken some power fo effect this 
«llT4 lauding or curling, and it is therefore desirable to avoid it as far os possible. For 



fttrpfw? of distinction, the fhco of tho chhcl which meets the shaving may Lo 
tht top face* and that which lies next the main body of the work the bottom 
**■ Then at whatever angle these 2 faces of tho chisel may be to each other, and in 
•ktuvcrwmy tho chisel U presented to tho work* tho strength of tho cutting edge 
‘kp.iiih upon the angle of the bottom face to the line of motion <of the chisel; and this 
hi rule that applies to all tools embodying tho wedge pimoiple, whether they are 
by baud or machine. Thus in Fig* 40 tho bottom f&co k placed at an angle of 
to ths Hu© of toot motion, which is denoted by the arrow, and its weakness is 
diri>ii| T If the angle of tlie top faeo to the line of tool motion is determined upon, wo 
ttien?fo» obtain the strongest cutting edgo in a hand-moved tool by causing the 
ktfcim fttigfo to lie fiat upon tho work surface. But in took driven by machine power, 
“d tkrreftTte accurately guided in their lino of motion, it is preferable to let tho bottom 
^ clear the work surface, save at the extreme cutting edge* The front fiico of tho 
Mb ib«i which mainly determines its keenness, ns may bo aeon from Fig, 41, in 
■Mdi the tool is differently placed with relation to the work, that at a being obviously 
^ tftrnevt and liable to break from the strain of tho cutting pmesa. 
frnlUwj and Jf&rinp.—Tbe tern “ drilling *’ is applied to the opetaUon ot 
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or sinking holes in solid material, while “ boring * is confined to turning out annular hole* 
to true dimensions. These allied processes are thus succinctly explained by Biehards ix 
liis excellent manual on 4 Workshop Manipulation.’ In boring, tools are guided by 
axial support independent of the bearing of their edges on the material; while in 
drilling, the cutting edges are guided and supported mainly from their oontactwith and 
bearing on the material drilled. Owing to this difference in the manner of guiding 
and supporting the cutting edges, and the advantages of an axial support for tools is 
boring, it becomes an operation by which the most accurate dimensions are attainable, 
while drilling is a comparatively imperfect operation; yet the ordinary conditions of 
machine fitting are such that nearly all small holes can be drilled with sufficient 
accuracy. 

Boring may be called internal turning, differing from external taming, because of 
the tools (>erformiug the cutting movement, and in the cut being made on concave 
instead of oonvex surfaces; otherwise there is a close analogy between the operations 
of turning and boring. During is to some extent performed on lather either with 
boring bars or by what is termed chuck-boring; in the latter, the material is revoked 
and the tools are stationary. Boring may be divided into three operations as follows: 
chuck-boring on lathes; bar-boring when a boring bar runs on points or centres, and is 
supported at the ends only; aud bar-boring when a bar is supported in aud fed through 
fixed bearings. The principles aro different in these operations, each being applicable 
to certain kinds of work. A workman who can distinguish between these plans 
of boring, can always determine from the nature of a certain work which is the best 
to adopt, has acquired considerable knowledge of fitting operations. Chuck-boring is 
employed in three cast's: for holes of shallow depth, taper holes, aud holes that aw 
soiew-threaded. As pieces are overhung in lutbe-boring, there is not sufficient rigidity, 
i ither of the lutlu* spindle or of the tools, to admit of deep boring. The tools being 
guided in a straight line, and capable of acting at any angle to the axis of rotation, the 
facilities for muking taj>erod holes are complete; and as the holes are stationary, and may 
l*o instantly adjusted, the same conditions answer for cutting internal screw-threads; an 
«q*>ration corresponding to cutting external screws, except that the cross motions of the 
tool slide are reversed. The second plan of boring by mcaus of a bar mounted »>n 
points or centres is one by which the greatest accuracy is attainable; it is, like chuck* 
Inuring, a lathe o|«eration, and one for which no better machine than a lathe has been 
devised, at least for the smaller kinds of work. It is a problem whether in ordinary 
machine fitting there is not a gain by performing all boring in this manner, whenever 
the rigidity of boring bars is sufficient without auxiliary supports, and when the bar* 
van j>ass through the work. Machines arranged for this kind of boring can b° 
employed iu turning or boring as occasion may require. When a tool is guided by 
* turning on points, the movement is perfect, and the straightness or parallelism of hole* 
Uuvd in this manner is dependent only on the truth of the carriage movement Tbi* 
plan of Uuring is employed for small steam cylinders cylindrical valve seats, and i® 
eases where accuracy is essential. The third plan of boring with bars resting i® 
beirings is more extensively practised, and has the largest range of adaptation. ^ 
feature of this plan of baring is that the form of the boring bar. or any imperfect#® 
iu its bearings, is communicated to the work ; a want of straightness in the bar make* 
taperiug hole*. Th s. of course, applies to cases where a bar is fed through fix#* 
War mg* placed at one or both ends of a hoie to be bored. If a boring bar is bent, 
out of truth between its tvarings, the diameter of the hole (being governed by th* 
extreme sweep of the cutters'* is uutrue to the same extent, became as the cutters wove 
along and i\w ueorvr tv' the bearings, the bar runs with more truth, forming a taperiaf 
hole dituimdiing toward the rests or bearing*. The same rule applies to some extent 
tn oimoJfc boring. the fv'rrn of the lathe spindle being communicated to holes bored; bid 
UjM# s/uhdiare jwewutuvd to be ^mte perfect w\\h hoeing bars* 
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t pnmilJm custom of acting machine flumes in one piece, or in as few pieces as 
t, Iturla to a great deal of bur-boring moat of which can be performed aoeuruiely 
hr faring bars supported in and fid through bearings. By netting up 
wj bearings to support boring bars, and improvising means of driving and 
neat of the boring on machine faunas can be performed on floors or sole plates 
^pendent uf boring machines and lathes- There arc hut few cases in which the 
twe of itudriog the principle of tool action is more clearly demonstrated than 
cud ter of boring; even lung practical experienoo eeldom leads to a thorough 
mding of the various problems which it involves. 

imsrdlflbis in principle from almost every other operation in melal cutting. The 
id of being held and dieted by guides or spindles, arc supported mainly by 
of the cutting edges against the materia]. A common angular-pointed drill 
te of withstanding a greater amount of strain upon its edges and rougher use 
other cutting implement employed in machine fitting. The rigid support 
edges receive, und the tendency to press them to the centre, instead of to tear 
with other tools, allows drills to boused when they are imperfectly shaped, 
tempered, and even when the cutting edges arc of unequal length. Most or 
which formerly pertained to drilling are now removed by machine- 
lb* which are manufactured and sold ns an article of trade* Such drills do not 
dressing and tempering, or fitting to size after they are in use, make true holes, 
rigid than common solid shank drills and will drill to a considerable depth 
ringing. A did ling machine, adapt'd to the usual requirements or a machine 
blishment, consists essentially of a spindle arranged to be drives at various 
vith a movement for feeding the drills; a linn table set at right angles to the 
and arranged with a vertical adjustment to or from the spindle] and ii compound 
in a horizontal plane. The simplicity of the mechanism required to operate 
tools is sueh that it him permitted various modifications, such as column drills, 
Ha* suspended drills, horizontal drills, bracket drills, multiple drills, and others, 
more than any other operation in metal cutting, requires the sense of feeling, 
tber from snob conditions a* mini it of power feeding. The speed at which a 
rent without heating or breaking is dependent upon the manner in which it is 
sad the nature of the material drilled: the working conditions may change at 
at aa the drilling progresses, so that hand feed is mast suitable. Drilling 
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arranged with power tel for boring should have some means of permanently 
ng the feeding mechanism to prevent its use in ordinary drilling, 
present considerable variety in size and shape, but representative examples 
n in Fig. 42: a is the simplest nnd most general form; i» is a pin drill, which 
d work when a hole for the reception of the pin has been first made with u 
rill; e U an American production, fhe Hofue twist drill, which bx 
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all others in working capacity. In grinding an ordinary drill (a) ready for use, it is 
essential to see that the cutting edges ure at right angles to each other, the outside faces 
of the blade slightly rounded, and the point as small and fine as the work will allow. 
If these conditions are neglected, the point will not maintain a central position, and 
there will not be convenient space for the escape of the chips. In pin drills it is abso¬ 
lutely necessary to have the first hole for the pin quite straight, and fitting so well that 
the pin cannot shake, or the work will be irregular; these drills are not easy to sharpen 
when worn. The Morse twist drills can be obtained in sets of standard sizes. 

All forms of drill are applied by the aid of a rotary motion, which may be communr 
cated by the ratchet brace, of which several forms are shown: Fig. 43 is a universal 



ball; Fig. 44, a self-feeding; Fig. 45, a treble-motion; and Fig. 46, Calvert’s retell 
brace. Figs. 47 to 49 are drill stocks of various kinds, differing mainly in the means 
by which suitable pressure is secured. 


45 . 




Swaging Tools. —Figs. 50, 51, illustrate a couple of forms of swaging block, which 
are often useful for shaping a piece of hot metal quickly and truly. 

Surfacing Tods. —By far the most important tool used in perfecting the surface of fitted 
or cast work is the file. It is sometimes replaced by emery, either in the form of wheel* 
or as powder uttached to cloth; and is often supplemented in fine work by one of the 
various kinds of polishing powder, e. g. chalk, croous, putty powder, tripoli, sand, Ac. 

It has been remarked that the most important point to be decided before commencing 
filing is the fixing the vice to the correct height and perfectly square, so that when the 
work to be operated on is placed in the vice it will lie level. As to what is really the 
correct height some slight difference of opinion exists, but the height which is generally 
thought right is such that the “ chops ” or jaws of the vice come just below the elbow of the 
workman when ho is at his place in front of the vice. Having the vice fixed property* 
the correct position to assume when filing is the next consideration. The left foot should 
be about 6 in. to left and 6 in. to 44 front ” of the vice leg ; the right foot being about 
30 in. to front, that is to say, 30 in. away from the board in a straight line wqth the vie? 
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post This position gives command over the tool, and is at once characteristic of a good 
workman. 

The file roost be grasped firmly in the right hand by the handle, and it is as well 
hero to make a few parenthetical remarks on handles; they should always be propor- 
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to the files to which they aro fitted, and the hole in the handle should be 
squared out to fit the “ tang ” by means of a small “ float ” made from a small 
^ of steel, similar to those used by plane-makers and cabinet-makers. The handles 
always have good strong ferrules on them, and the files should be driven home 
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straight and firm, so that there is no chance of the tool coming out Each tool 
have its handle permanently fixed; it is very false economy, considering the 
Ptife of handles is about 9 d. per dozen, to be continually changing. The left hand 
*5* just hold the point of the file lightly, so as to guide it; and in taking the forward 
»fitirly heavy pressure must be applied, proportionate to the size of the tool in use 
N tye work being doge. Amateurs who bare never received any 
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in the use of flleB generally have a bad habit of pressing heavily on the tool continuously 
during both forward and backward stroke, and at the some time work far too quickly. 
These habits combined will almost invariably spoil whatever is operated on, producing 
surfaces more or less rounding, but never flat 

The art of filing a fiat surface is not to be learned without considerable practice, and 
long and attentive practice is necessary ere the novioe will be able to oreditably accom¬ 
plish one of the most difficult operations which fall to every-day engineering work, sod 
one which even the most professionally taught workman does not always succeed in. The 
file must be used with long, slow, and steady strokes, taken right from point to tang, 
moderate pressure being brought to bear during the forward stroke; but the file must be 
relieved of all pressure during the return stroke, otherwise the teeth will be liable to be 
broken off, just in the same manner that the point of a turning tool would be broken if 
the lathe were turned the w'rong way. It is not necessary to lift the file altogether off 
the work, but it should only have its baro weight pressing during the back stroke. One 
of the chief difficulties in filing flat is that the arms have a tendency to move in arcs 
from the joints, but this will be conquered by practice. 

A pioce of work which has been filed up properly will present a flat, even surface, 
with the file marks running in straight parallel lines from side to side. Each stroke of 
the file will have been made to obtain a like end, whereas work which has been turned 
out by a careless or inexperienced workman will often bear evidence that each stroke of 
the file was made with utter disregard to all others, and the surface will be made up of 
an unlimited number of facets, varying in size, shape, and position. 

There is considerable skill required to “ get up '* surfaces of large area by means 
of files alone, more especially when these surfaces are required to be accurately flat 
The method of preparing surface plates, as detailed by ISir Joseph Whitworth, is 
most valuable information to any one desirous of excelling in this particular branch 
of practical handicraft, and those interested should get Whitworth's pamphlet entitled 
‘ Plane Metallic Surfaces, and the Proper Mode of Preparing Them.* In large engi¬ 
neering works, filing is superseded by the planing and shaping machines for almost all 
work of any size. The speed and accuracy of the planing machine oannot be approached 
by the file when there is any quantity of material to be removed, and files are only 
used for the purpose of “ fitting" and to smooth up those parts which are inaccessible 
to the planing tool. However, a planing machine is one of those expensive and heavy 
pieces of machinery usually beyond the reach of amateurs and “small masters"; it 
therefore beoomos necessary to learn how to dispense with its valuable aid. 

Cast iron usually forms the bulk of the material used by engineers. The hard out¬ 
side skin on cost iron, and tho sand adhering to its surface, make it somewhat formidable 
to attuck. If a new file is used for the purposo it will be assuredly spoiled and with 
no gain; for one which bus been very nearly worn out will bo almost as effective, 
and will not be much deteriorated by the use to which it is put. There are several 
ways of removing the “ bark '*—e. g. the castings may be “ pickled "—that is, immened 
in a bath of sulphuric acid and water for a couple of days; this will dissolve the 
outer crust of the casting, and liberate the sand adhering to the surface; another 
plan is to remove a stratum of tho casting from that part which has to be filed, by 
means of a chipping chisel, and this is a very good plan where much material htf 
to bo removed from any particular part of a large, unwieldy piece of machinery, 
though some practice will be required with the hammer and chisel before they can be 
used satisfactorily. 

The best plan to follow is probably this;—First brush the casting thoroughly— 
scrub it—with a hard brush; this will rub off the loose sand ; then take an old file,and 
file away steadily at the skin till you oomo to a surface of pure metal. Having by this 
time removed those parts which spoil files, the “old file," with which but slow progxea 
if Bj&de, can be changed for ft better one, and the best, as weU as the most economical, 
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\ I oro 1 fliioli has Wen used for filing brass till it has become too numb worn for 
*\ QLiteriAl; such ft file ii in fitttUclft&a condition fur working on cast iron {when 
.iTnvl of \u. sandy skin), anti when worn out on that it will nerve admirably for steal. 
Wntn it is neMsary Ui bln up a small surface—say 2 iu.m 3 in. square—the file 
nut be applied in continimlly changing directions, not always at right, angles to the 
anp* .if the vide. as* though the work might be mode perfectly straight in tbut 
ittvtitm, yet there would not be any meuns of assuring a like result on tbut part 
yiiif [<unlid to the jaws. When the surface is fairly fiat. the hie should be applied 
<iu>i«uUy both w,iy»; thus any hollow or high pi nee a othorwisu unnhscrvublci will 
W it once teen, without the aid of straight-edges, Ac. This method of crossing the 
i * *«u from turner to comer is recommended in all cases, and the file should invari¬ 
ably 'ravel right aeroas the work, using the whole length of the file, not just an inch 
re si some particular part, as is too often the case. When in use, the file must bo 
bid ■puts firmly* yet not bo rigid that the operator cannot fed the work as it pro- 
F< ^; the s^use of touch is brought into nan to a far greater extent than would bo 
haemal by the inexperienced, and ft firm grasp of the tool, at tlio same time preserv- 
% « light touch to feel the work, h an essential attribute of a good filer, 

la filing out mouldings and grooves which have sections resembling, more or less, 
faniof a circle, a special mode of handling the file becomes requisite. The files used 
vt f»i«mlly rut&'-uiils or hu If-rounds, and ihene ore not used with tlie Btraightfrrwnfd 
amt* tfinmY'A&iry in wielding the ordinary hand files, but a partial rotary motion—a 
**M twist axially—is given to the file at each stroke, und this screw like tendency, 
yojj allvnuitely fiorn right to left, and c/es umw, serves to cross the file cuts (Mid rega¬ 
in Hid truth of the hollow. 

^itk regard to cleaning hs>ls which have become clogged up with minute part idea 
* nivLftl, dirt, nnd grease* files which arc in that state are not fit to use, and the follow- 
.Jovctiatu will enable sny one to keep them in proper order. The most generally 
lud Kill for cleaning files is the scratch brush ; but this is not very efficient in remov- 
h-? focatr little pieces which get firmly embedded aud piny havoc with the work. Kilo 
nhn u&*d ; they are made by fixing a quantity of cards—such as a pack of 
I'l'po? ortl-i—together by riveting, or screwing to a piece uf wood* These file cards 
** in the same way as the scratch brushes, h e. transversely across the file in tho 
'bfOmi of jL» * cats,** and though neither tool produces much effect yet they art' both 
^Kri When files have become clogged up with oil and grease, the best plan is 

bU4l them for ft lew minutes in some stiong soda wnter ; this will dissolve the grouse 
4 H «u* rule, set most of the dirt and filings free: a UiUe scrubbing with uo old looth 
l-ruK vdl U' beneficial before rinsing the files in boiling water and drying them before 
ftfff. These methods will prove effective in removing the ordinary accumulation 
•* dirt, Ac., in files, but those 14 pins 11 which are so much to he dreaded when finishing 
run only be removed by being picked out with a acriber point, or, what is better, 
‘(J Teof *hin, very hard, sheet bra^s, by mean* of which they cud be pushed out very 
Those * plxis ** mu f be to a certain extent avoided by ndug chalk on tbo file, 
a ij v ..j dry, or a drop or two of oil will sometimes help matters. 

With regard to finishing filed work, such ns has to he made particularly presentable 
*‘Ui* there are many ways of polishing, burnishing, Ac., hut, properly speaking, 
i# not filing. There is much beauty in well-finished work, perfectly square and 
r ' "It* km left by the file, untouched by any polishing materials; in such work the 
be got gradually smoother by using progressively files of finer out, and, when 
Ub vtirk ie deemed Mifficb.-ntly finely finished for tho purpose, tin: lines should bo 
kn f ijjj equalized by •* draw -fl hug, 1 * that is, the file is held in Wth hands, in a manner 
■N v to * spoke-shave, and drawn over the work in tho same way, producing a series 
dflu* faratM lines. 

facte-evuintj Topfe—Tbtm aw Iq teudtxl for cutting screw threads iu dicu\a$ w^\\s v 







ftnd then fastened in place by the screw in tool post, thereby avoiding imperfect or 
leaning threads. At f y the manner of setting the tool for cutting inside threads is 
illustrated. The angle used jn this gauge is 55°. The 4 divisions upon the gauge of 
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14, 20, 24, mild 22 parts to the inch are very useful in measuring the number of threads 
to the inch of taps and screws. The cost of the gauge is only Is. 3d. 

For extenaive operations a number of small machines are made for cutting threads 
in bolts nod in nuts. 
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ST. 





Forging. —Forging metal consists in raising it to a high temperature and hammering 
It into any form that may be required. Good wrought iron may be seriously injured by 
want of care or skill in forging it to different shapes. Repeated heating and reworking 
increases the strength of the iron up to a certain point ; but overheating may ruin it; 
the iron should therefore be brought to the required shape as quickly ns possible. The 
form given to forgings is also important; there should be no sudden change in the 
dimensions—angles should be avoided—the larger and thicker parts of a forging should 
gradually merge by curvee into the smaller parts. Experiments have shown that the 
continuity of the fibres near the surface should be as little interrupted as po&dAe \ 
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other words, that the fibres near the surface should lie in layers parallel to the stiri 
If wrought iron be i( burnt/’ i e. raised to too high a temperature, its tensile strei 
and ductility are both seriously reduced. These qualities may, however, be to a g 
extent restored by carefully reheating and rerolling the iron. Forging steel requires i 
more care in order to avoid overheating. Each variety of steel differs as to the hea 
which it can safely be raised. Shear steel will stand a white heat; blister stee 
moderate heat; cast steel a bright red heat. 

Welding. —This is the process by which 2 pieces of metal are joined together i 
the aid of heat. There are several forms of “ weld.” The principles upon which : 
welding of metals depends are here given. In welding generally, the surfaces of 
pieces to be joined, having been shaped as required for the particular form of weld,; 
raised to a high temperature, and covered with a flux to prevent oxidation. They ; 
then brought into intimate contact and well hammered, by which they are reduced 
their original dimensions, the scale and flux are driven out, and the strength of the ii 
is improved. 

Wrought iron.—The property of welding possessed by wrought iron is due to 
continuing soft and more or le*s pasty through a considerable range of temperati 
below its melting point. When at a white heat, it is so pasty that if 2 pieces be fin 
pressed together and freed from oxide or other impurity they unite intimately and fim 
The flux used to remove the oxide is generally sand, sometimes Balt. 

Steel.—The facility with which steel may be welded to steel diminishes as the m< 
approximates to cast iron with respect to the proportion of carbon; or, what amount 1 
the same thing, it increases as the metal approximates to wrought iron with respect 
absence of carbon. Hence in welding together 2 pieces of steel —emteris paribus— 
more nearly their melting points coincide—and those are determined by the amount 
Carbon they contain—the less should be the difficulty. (Percy.) Puddled steel we 
wery indifferently, and so does cast steel containing a largo percentage of carbon. 1 
mild cast steels, also shear and blister steel, can be welded with ease. In weldiRg( 
steel, borax or sal-ammoniac, or mixtures of them, are used as fluxes. Another a 
for mining drills in America is a mixture of 6 qt. powdered limestone and 1 qt. sulph 
heat very carefully with frequent turnings, take from the fire and brush with a si 
besom, dip into the mixture, and return to the fire, 4 or 5 times, before the heat is 
(See also Workshop Receipts, Third Series, pp. 293-303.) 

Steel to Wrought Iron.—If the melting points of 2 metals Bensibly differ, then 
welding point of the one may be near the melting point of the other, and the differe 
in the degree of plasticity, so to speak, between the 2 pieces may be so considerable t 
when they are brought under the hammer at the welding point of the least fusible, 
blow will produce a greater effect upon the latter, and create an inequality of ii 
This constitutes the difficulty in welding steel to wrought iron. A difference at 
rate of expansion of the 2 pieces to bo welded produces unequal contraction, which i 
manifest disadvantage. (Percy.) Hard cast steel and wrought iron differ so mucl 
their melting points that they can hardly be welded together. Blister and shear st 
or any of the milder steels, can, however, be welded to wrought iron with ease, care be 
taken to raise the iron to a higher temperature than the steel, as the welding p 
of the latter is lower is consequence of its greater fusibility. 

Tempering.— According to Richards, an excellent authority on the subject, no 
has been able to explain clearly why a sudden change of temperature hardens steel, 
why it assumes various shades of colour at different degrees of hardness; we only ki 
the fact. Every one who uses tools should understand how to temper them, whet 
they be for iron or wood. Experimenting with tempered tools is the only meaw 
determining the proper degree of hardness, and as smiths, except with their own tn 
have to rely upon the explanations of others as to proper hardening, it follows t 
tempering is generally a source of complaint. Tempering, as a term, is used to e 
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id brvth hardening and drawing ; ua a process* it depends mainly upon judgment 
l of skill, and has no such connection with forging m to be performed by smiths 
Tampering requires a different fire from those employed in forging, and also 
aore and precision than blacksmiths can exercise, unless there are furnaces anil 
especially arranged for tempering tools, A difficulty which arbes in hardening 
a been une of the contraction of the steel which Lakes place in proportion to the 

* of temperature ; and as the time of cooling is i»i proportion to the thickness or size 
ec*', il follows, of course, Ihat there is a great strain and a tendency to break the 
r parts before the thicker parts have time to cool; this strain may take plai’c from 
£ one side first, or more rapidly tlnm another. 

m following pnipigiUntis in regard to tempering comprehend the main points lobe 

• d :-(l) The permanent contraction of steel in tempering is os the degree of hard* 
ipnrted to it by the bath, (!£) The time in which the contraction bikes place is as 
tipcfafnre of the bath and Ibe crons section of the piece ; in other words, the beat 
iff gradually from I he surface to the centre, (3) Thin sections of steel tools, 
projections from the mass which support the edges, are cooled first,and if provision 
modi* to allow for contraction they are turn ay under. 

e m on point in hardening, and the most that can be done to avoid irregular 
efimi, bio apply the bath so that it will net first slid strongest on the thickest 
If a pivoe U tapering or io the form of a wedge, the thick end should enter the 
Irat; a crid chisel, for instance, that is wide enough to endanger cracking should be 
to the hath with the bead downward. The upflow of currents of warmed water is 
non cause of irregular cooling and springing of steel tools in hardening ; the water 
. ht wted rises vertically. and the least inclination of a piece from a perpendicular 
•ti allows a warm current to flow up one side. The most effectual rtn aus of 
ig a uniform effect From a tempering both is by violent notation, either of the bcuh 
pin’c ; this nlbo adds to the rapidiry of cooling. The effect of tempering baths is 
ir condut ting powder ; chemicals, except m th* y may contribute to the conducting 
tics of a hath, may wifely be disregarded. For baths, cold or ice water loaded 
*dt f,»r extreme hardness, and warm oil for tools that arc Linn and do not require to 
j bard, are the two extremes outside of which nothing Is required in ordinary 
oe. In the case of tools composed partly of iron and partly of steel, sleet laid ns it is 
, the tendency to crack in hardening may be avoided in most cases by hammering 
Seri eflgc at a low temperature until it is so expanded that when cooled in 
ring it will only contract to a state of rest and correspond to the iron part; the 
result may be produced by curving a piece, giving convexity to the steal aide 
burdening. 

*4* should never bo tempered by immersing their edges or cutting parts in I lie 
md then allowing the beat to "rundown” to attain it proper temper at the edge, 
*o hardened have a gradually diminishing temiwr from their point or edge. »u 
.*» part is properly tempered, and they require conlinua) rehardening, which spoils 
tod; besides, the extreme edge, the only part which is tempered to a proper 
, is usually spoiled by heating, and must ba ground away to begin with. No 
mm who has once had u a* t of tools tempered throughout by alow drawing, either 
oven, or on a bat plate, will ever consent to point hardening afterwards. A plate 
n 2-2| in* thick, placed over the top of a tool-dressing fire, makes a convenient 
^eiucnt for tempering tools, besides adding greatly to the convenience of slow 
ig, which is almost as important as alow drawing. Richards has by actual 
iment determined that the amount of tool dressing and tempering, to say nothing 
10 wasted in grinding tools, may in ordinary machine fittings be reduced one- 
by ** oven tempering/* 

s to the shades that appear in drawing temper, or tempering it is raraetimrs culled, 
rite uscltisa hi repeat any of the old rules about "straw colour, violet, orange, blue,” 
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and so on; the learner knows as much after such instruction as before. The shades of 
temper must be seen to be learned, and as no one is likely to have use for such 
knowledge before having opportunities to see tempering performed, the following plan it 
suggested for learning the different shades. Procure 8 pieces of cast steel about 2 in. 
long by 1 in. wide and £ in. thick, heat them to a high red heat and drop them into a 
salt bath; preserve one without tempering to show the white shade of extreme hardoen, 
and polish one side of each of the remaining 7 pieces; then give them to an experienced 
workman to be drawn to 7 varying shades of temper ranging from the white piece to the 
dark-blue colour of soft steel On the backs of these pieocsdabels can be pasted describe | 
ing the technical names of the shades and the general uses to which tools of correspond¬ 
ing hardness are adapted. This will form an interesting collection of specimens and 
accustom the eye to the various tints, which after somo experience will be instantly 
recognized when seen separately. j 

It may be remarked as a general rule that the hardness of cutting tools is“ inverse 
ns the hardness of the material to be cut,” which seems anomalous, and no doubt is so, 
if nothing bat the cutting properties of edges is considered; but all cutting edges are 
subjected to transverse strain, and the amount of this strain is generally as the hardnes 
of the material acted upon; hence the degree of temper has of necessity to be such si to 
guard against breaking the edges. Tools for cutting wood, for example, are harder than 
those usually employed for cutting iron; for if iron tools were always as carefully formed 
and as carefully used as those employed in cutting wood, they could bo equally hard. 

(* Workshop Manipulation.*) 

Steel plunged into cold water when it is itself at a red heat becomes excessively hard. 
The more suddenly the heat is extracted the harder it will be. This process of 
14 hardening,” however, makes the steel very brittle, and in order to make it tough 
enough for most purposes it has to be 44 tempered.” The process of tempering depends 
upon another characteristic of steel, which is that if (after hardening) the steel be 
reheated, as the heat increases, the hardness diminishes. In order then to produce steel 
of a certain degree of toughness (without the extreme hardness which causes brittleness), j 
it is gradually reheated, and then cooled when it arrives at that temperature which . 
experience has shown will produce the limited degree of hardness required. Heated 
steel becomes covered with a thin film of oxidation, which grows thicker and changes is | 
colour as the temperature rises. The colour of this film is therefore an indication of the | 
temperature of the steel upon which it appears. Advantage is tuken of this change of | 
colour in the process of tem[iering, which for ordinary masons' tools is conducted os : 
followsThe workman places the point or cutting-end of the tool in the fire till it is of | 
a bright-red heat, then hardens it l»y dipping the end of the tool suddenly into cold 
water. lie then immediately withdraws the tool and cleans off the scale from the point 
by rubbing it on the stone hearth. He watches it wliilo the heat in the body of tbs 
tool returns, by conduction, to the point. The point thus becomes gradually reheated, 
and ut hi&t he secs that colour appear which ho knows by experience to be an indication 
that the steel has arrived at the temperature at which it should again be dipped. Ho 
then plunges the tool suddenly and eutirely into cold water, and moves it about till tho 
In at has all b.en extracted by the water. It is important that considerable motion should 
lie given to the surface of tho water while tho tool is plunged in, after tempering, other* 
wise there will be a sharp straight line of demarcation between the hardened part sod 
tho remainder of the tool, and the metal will be liable to snap at this point. 

In very small tools there is not sufficient bulk to retain the heat necessary for eon* 
duction to the point after it has been dipped. Such tools, therefore, are heated, 
quenched, rubbed bright, and laid upon a hot plate to bring them to the required 
temperature and colour before being finally quenched. In sqme eases, the articles so 
heated are allowed to cool slowly in the air, or still more gradually in sand, ashes, or 
powdered charcoal. The effect of cooling slowly is to produce a softer degree of tempos 
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table shows tho temperature at which lbs steel should be suddenly 
outer to jimlttco tlit? Tiirdftom required for different description* of tools. It 
h the colours which indicate that the required temperature has been reached 

f rfFthn. Nituro of Tool. 

straw yellow 
a <larker yellow 
mt colour ,* 

H straw yellow 

yellow .. 
ngeJ with purple 


Tftuti* 

Fttr. 

430 ° 

440° 

470 ° 

m° 

500 * 

520 ° 


Lancets and tools for metuL 
Bazord and do. 

Penknives* 

Cold chisel* for cutting iron, tools for wood, 
'Hatchets, plnno irons, pocket knives, chipping 
chisels, saws, &e. 

Do. do, and tools for working granite. 

f , ( ,, .# 53Q a ) Swords, watch-springs, tools for cutting snnd- 

.. .. 550° / stone, 

i .* ♦ , 570 0 Small flaws. 

«* *« ,, Lingo eaws, pit and hand saws. 

* with tinge of green 1130° Too soft far steel instruments. 

itnjKTUig colour is sometimes allowed to remain, ns m watch springs, but is 
removed by tku subsequent processes of grinding nnd polishing, A blue 
sometimes produced on the surface of steel articles by exposing them to tho 
nnd. By this operation, a thin film of iron oxide is formed over tho surface, 
ls the colour required, Steel articles ara often varnished in such a way as 
cm an appearance of having retained tho tempering colours. The exact tern- 
at required to produce the flame degree of hardness varies with different kinds 
ml is arrived at by experience. 

me several ways of heating steel articles both for hardening and tempering, 
be heated in a hollow or in an open fire, exposed upon a hot plate, or in a 
charcoal in nn oven, or upon a ga^ stove. Small articles may bo heated by 
vd within a nick in u red-hot bar. If there is a large number of article®, and 
beat of high degree is required, they may be plunged into molten melal alloys, 
d to the temperature required. 

ileuing steel, care must bo taken not to overheat the metal before dipping. In 
ubt, it is better to heat it at too low than too high a temperature. The best 
lire only a low red heat. If cast stud be overheated, it becomes brittle, and 
be restored to its origins! quality. If, however, the tteel has not been 
y hardened, it cannot be tempered, Tho bardncss of the steel can be tested 
* The process of hardening often causes the steel to crack. The expansion of 
particles by the heat is suddenly arrested by the crust formed in consequence of 
g of the outer particles, and there is a tendency to burst tho outer skin thus 

tho w hole bulk of any article has to be tempered, it may cither be dipped or 
i ecrfd in the mir. It does not matter which way they become cold, provided 
a* not been too suddenly applied; for when (be articles arc removed from the 
cannot beeomo more heated, consequently the temper cannot become more 
But those tools In which a portion only is tempered, and in which the beat 
is anpplied by conduction from other parts of tho tool, must be cooled in 
the cutting part attains tho desired colour, otherwise the body of the 
to supply beat and the cutting part will become too soft. 

and elasticity are required rather than extreme hardness, oil is used 
water both for hardening and tempering, and the latter process is sometimes 
* The steel plunged into the oil does not cool nearly so tap\4\y aa 
i water. Tho oil t#k&s up the beat less rapidly. The heated patVvdoa oi oW 
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cling moro to the steel, and there is not so much decrease of temperature caused by 
vaporisation as there is in using water. Sometimes the oil for tempering is raised to f he 
heat suited to the degree of hardness required. When a large number of articles hare to 
be raised to the same temperature, they are treated in this way. 

Saws are hardened in oil, or in a mixture of oil with suet, wax, &c. They are then 
heated over a fire till the grease inflames. This is called being “ blazed” After blazing 
the saw is flattened while warm, and then ground. Springs are treated in somewhat 
the same manner, and small tools after being hardened in wutcr arc cooled with tallow, 
heated till the tullow begins to smoke, and then quenched in cold tallow. 

Annealing or softening steel is effected by ruisiug hardened steel to a red heat and 
allowing it to cool gradually, the result of which is that it regains its original softness. 

Case-hardening is a process by which the surface of wrought iron is turned into steel, 
so that a hard exterior, to resist wear, is combined with the toughness of the iron in the 
interior. This is effected by placing the article to be case-hardened in an iron box full 
of bone-dust or some other auimal matter, and subjecting it to a red heat for a period 
varying from $ hour to 8 hours, according to the depth of steel required. The iron at the 
surface combines with a proportion of carbon, and is turned into steel to the depth of 
to $ in. If the surface of the article is to be hardened all over, it ia quenched in cold 
water upon removal from the furnace. If parts are to remain malleable, it is allowed 
to cool down, the steeled surface of those parts is removed, and the whole is then re¬ 
heated and quenched, by which the portions on which the steel remains are hardened. 
Gun-locks, keys, and other articles which require a hard surface, combined with tough¬ 
ness, are generally case-hardened. A more rapid method of case-hardening is conducted 
as follows:—The article to be case-hardened is polished, raised to a red heat, sprinkled 
with finely powdered prussiate of potash. When this has become decomposed and has 
disappeared, the metal is plunged into cold water and quenched. The case-liardening 
in this way may be made local by a partial application of the prussiate. Malleable cast¬ 
ings are sometimes case-hardened in order that they may take a polish. 

Many further details on hardening, tempering, softening, and annealing steel will bs 
found iu Workhop Keckipts, Third Series, pp. 256-295. 

Examples of Smiths' Work.—It will be instructive to conclude this section with detailed 
descriptions of the operations entailed in a few of the more common kinds of work per¬ 
formed by smiths. 

Keys.—For forging small round short rods, or keys, no tools are required except the 
ordinary fire irons and the liand-hammer, tongs, aud anvil chisel, in tho anvil, shown by 
Figs. 68 to 70. Tho pin should be forged to tho proper diameter, and also the ragged’ 
piece cut off the small end by moans of tho anvil chisel, shown by Fig. 70, wliile the 
work is still attached to tho rod of steel from which it is made. After having cut and 
rounded tho small end, it is premier to cut the key from the rod of steel, allowing a abort 
piece to be drawn down to make the holder, by which to hold it iu the lathe. This 
holder is drawn down by the fuller, and afterwards by the hammer. The fuller is first 
applied to tho spot that marks the required length of key ; the fuller is then driven in 
by tho hammerman to the required diameter of the holder, the bottom fuller being in 
the square hole of the anvil during the hammering process, and the work between the top 
and bottom fullers. During tho hammering, the forger rotates the key, in order to make 
the gap of equal or uniform depth; the lump which remains is then drawn down by the 
hammers, or by the hand hammer only, if a small pin is being made. If the pin a 
very small, it is more convenient to draw down the small lump by means of the set 
hammer aud the hammerman. The set hammer is shown in Fig. 74; and the top sad 
bottom fullers by Fig. 75. The double or alternate hammering by fozger and hammer 
man should at first be gently done, to avoid danger to the arm through not holding tha 
work level on the anvil. The hammerman should first begin, and strike at the rate of 
one blow a eeoond; after a few blows the smith begins, and both hammer the wajk St 
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timw, usd other times the nnvil, Figs* 71 , 72, show the lop &tid Itnliora founding 
t »,i» % f ( jf mu riding large keys, Large keys miiy be made without rounding tools by 
r- ^tidingtha work with n, hand hummer, nnd cutting off the pin by the anvil chisel, 
mfrtd i>f the rod chisel, Fig* 73. The rod chisel is so named because the handle by 


ikh the chisel is held is an ash rod or stick, boo Fig, 71, A mi chisel is thin for 
^tti&gbnt iron, and thick for cutting ooki iron* Fig. 7U represents the anvil chisel in 

I ^r iquani bob of the anvil. By placing the steel while at a yellow heat upon the edge 
thn chisel, a small key can be easily cut oif by a few blows of a hummer upon the top 

•Ith# work, 

to forge a key with a head involves more labour than making ft straight one. There 
l principal modes of proceeding* which include drawing down with the Fuller and 
boater; upsetting one end of the iron or steel; a ml doubling one end of a bar to form 
lU hi-wh For proceeding by drawing down, a rod or bur of she! is required, whoso 
^era-'ttr is equal to the thickness of the bead required consequently, large keys should 
fr* he mrule by drawing down unless steam hammers can be used* Small keys should 
U dram to size while attached to the tatr from which ihey are mode; the drawing is 
by the fuller and set hammer* Instead of placing tlio work upon the 
kitirtia fuller in the anvil, as shown for forging a key without a head, the steel is placed 
*F» the face of the anvil, and the top fuller only is used, if the key required is large 
to need much hammering; but a very small key can be drawn down by 
i Ti ling with the lop fuller and placing the bottom fuller in the hole* and placing tho 
tf *fc ujvr, the top, and then striking on one side only, instead of rotating the bar ot vA 
I by it# UaucL By bolding the bar or rod in one position, the bead is formed upon the 

¥ ^ 
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under-sido of the bar; and by turning the work upside down, and drawing down the 
lump, the stem is produced. The upsetting of iron generally should bo done at the 
welding heat; the upsetting of steel at tho yellow heat, except in some kinds of good 
steel, that will allow the welding heat. And both iron and steel require cooling at the 
extremity, to prevent the hammer spreading the end without upsetting the portion next 
to it. If the head of tho key is to bo large, several heats and coolings must take pace, 
which render tho process only applicable to small work. A small bar can be easily 
upset by boating to a white heat or welding heat, and cooling a quarter of an inch of the 
end; then immediately put tho bar to tho ground with tho hot portion upwards, tie 
bar leaning against the anvil, and held by the tongs (Fig. 76). Tho end is then 
upset, and tho extremity cooled again after being heated for another upsetting, and 
on until tho required diameter is attained. When a number of bars are to be upset in 
this manner, it is necessary to provide an iron box, into which to place the ends of tho 
bars, instead of upon the soft ground or wood flooring, injury to the floor being thereby 
prevented. When the key-head is sufficiently upset, tho fuller and set hammer are 
necessary to make a proper shoulder; tho stem is then drawn four-sided and rounded by 

tlio ^ top and bottom tools. If the bar from which the key is being made is not large 

enough to allow being made four-sided, eight sides should bo formed, which will tend 
to close tho grain and mako a good key. 

Tho third method of making keys with heads is tho quickost of the three, particu¬ 
larly for making keys by the steam hammer. By its powerful aid wo are able to use a 
bar of iron an inch larger than the required stem, bccauso it is necessary to hare 
sufficient metal in order to allow hammering enough to make it close and hard, and ala* 
welding, if seamy. If the bar from which it is to bo mode is too large to bo easily 
handled without tho crane, the piece is cut from tho bar nt the first heat. But if the 
bar is small, it can bo held up at any required height by the prop, shown iu Fig. 77. 

t6. tt. 




While thus supported, tho piece to be doubled to mako tho head is cut three-quarters of 
the distances through tho iron, at a proper space from tho extremity. The piece » 
then beut in the direction tending to break it off: tho uncut portion being of sufficient 
tbickues8 to prevent it breaking, will allow tho two to be placed together and welded in 
that relation. A hole may also bo punched through the two, whilo at a welding best, 
os shown by Fig. 78. Tho hole admits a pin or rivet of iron, which is driven into tltf 
opening, and tho throe welded together. This plan is resorted to for producing a strung 
head to the key without much welding; but for ordinary purposes it is much safer to 
weld the iron when doubled, without any rivet, if a sufficient number of heavy blows cm 
be administered. At the time the head is welded, tho shoulder should be tolsmUlf 
squared by the set hammer; and the part next to the shoulder is then fullered to 
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thiB^uiriefia of the distance to tho diameter of stem required, In largo work the fuller 
a*«l for this purpose should bo broad, as in Fig, 79, After the bead is welded, and 
^ piftioa next to it drawn down by the fuller* the piece of work, is cut from the bar or 
rand the head ia flied in a pair of tongs similar to Fig, 80. Such tongs are useful 
^ury small work, and are made of large size for heavy work* Tongs of thia character 



Q uilled to both angular and circular work. They will grip either the head or the 
shown in the figure. While held by the tongs the thick lump of the stem that 
is welded, if necessary. Nest draw the stein to its proper shape, and trim the 
W to whatever shape is required, 

hilts—Bolts are made in such immense numbers, that a variety of machinery eilatu 
ft jffiducmg small bolts by compression of the iron while hot into dies. But the 
Winery is not yet adapted to forge good bolts of large suee, such os are daily required 
foj^ocRd engine-making. Good bolts of largo diameters can now be made by steam 
^aui^ri at a quick rate; and small bolts of good quality are made in an economical and 
tip’iitious manner by menus of instruments nuiued bolt headers. There is a variety of 
tools iii use, and gome are valuable to small manufacturers because of being easily 
““da, and incurring but little expense. The use of a bolt header consists in upsetting 
‘fflrtion of a straight piece of iron to form the bolt head, instead of drawing down or 
faring & larger piece to form the bolt stem, which is a much longer process i eonse- 
^r4]v p the bolt header is valuable in proportion to its capability of upsetting bolt heads 
"f various sizes for bolts of different diameters and lengths. The simplest kind of 
hfciiug tool k held upon the anvil by the left hand of the smith, while the piece to be 
fanned 

into a head is hammered into u recess in the tool, the shape of the intended 
M. Three or four recesses may be drilled into the same tool, to admit three or four 
>hci of bolt heads. Such a tool is represented by Fig, SI, ntid is made either 
softly of steel, or with a steel face, in which are bored the recesses of different shapes 

**1 «*?«, 

Tlie pieces of iron to bo formed into bolts ure named bolt pieces. When these pieces 
diameter or thickness, they are cut to a proper length while cold by means 
^ * concave anvil chisel and stop, or by a largo shearing machine. One end of each 
piece li then fligbtly tapered while cold by the baud-hammer. Fig, 68, or a top Cool. 
Tbi* abort bevel or taper portion allows the bolt to be driven in and out of the heading 
t*'I K'Ttral timea without making sufficient ragged edge to stop the bolt in tins hole 
'kilc bring driven oat Those ends that arc not bevelled are Ihon heated to about 
titihig brat, and upset upon the anvil or upon a cast-iron block, on, or level with, the 
This upsetting ie continued until the smaller parts or stems will remain at a 
distance through the tool: after which, each head is shaped by being hammered 
kto the. rectus. During the shaping pro© as* the stem of the bolt protiudsa Wife 

‘I'iort: hole m the anvil, ay iadicutvd by Fig* 81 * 
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But when a large number of small bolts are required in a short time, a larger land 
of heading tool is made use of, which is named bolt header. One of these. Fig. 82, it 
a jointed bolt header. The actual height of these headers depends upon the len gt h s of 
bolts to be made, because the pieces of which the bolts are formed are cut of a suitable 
length to make the bolts the proper length after the heads are upset; consequently, 
bolt headers are made 2 or 3 ft in height, that they may be generally useful. The 
header represented by Fig. 82 contains a movable 
block B, upon which rests one end of a bolt 
picco to be upset; it is therefore necessary to raise 
or lower ilio block to suit various lengths of bolts. 

All bolts, large and small, that are to be turned 
in a lathe require the two extremities to be at 
right angles to the length of the bolt, to avoid 
waste of time in centring previous to the turning 
process; and connecting-rod bolts and main-shaft 
bolts require softening, which makes them less liable to break in a sudden maimer; 
and it is important to remember that hammering a bolt while cold will make it brittle 
and unsafe, although tho bolt may contain more iron than would bo sufficient if the 
bolt were soft. Great solidity in a bolt is only necessary in that portion of it which i« 
to be formed into a screw. Tho bolt is less liable to break if all the other parts are 
fibrous, and tho lengths of tho fibres aro parallel to the bolt’s length. But in the screw, 
more solidity is necessary, to prevent breaking off while the bolt is being screwed, or 
while in use. However good tho iron may be, the bolt is useless if the screw ii 
unsound ; and it is well to apply a pair of angular-gap tools. Fig. 88, to tho bolt end 
while at welding heat. Bolts of all kinds, largo and small, are injured by the iron 
being overheated, which makes it rotten and hard, and renders it necessary to cut of 
the burnt portion, if the bolt is largo enough ; if not, a new ono should be made it 
place of tho burnt one. 

Long bolts that require tho latho process aro carefully straightened. This if 
conveniently effected by means of a strong lathe, which is plaoed in the smithy far the 
purpose. Long bolts aro also straightened in the smithy by means of a long straight* 
edge, which is applied to the bolt stem to indicate the hollow or ooncavosideof the stem. 
This concave side is that which is placed next to the anvil top, and the upper aide of tbs 
bolt is then driven down by applying a curved top tool and striking with a sledge 
hammer. This mode is only available with bolts not exceeding 2 or 8 in. diameter and 
of length convenient for tho anvil, because in some coses bolts require straightening or 
rectifying in two or more places along the stems. If a bolt 6 ft. in length is bent 1 ft 
from one cod, tho bent portion is placed upon an anvil, while the longer portion ii 
supported by a crane, and a top tool is applied to tho convex part. The raising of tho 
bolt end to uuy required height is effected by rotating a screw which raises a pulley, upon | 
which is an endless chain; tho work being supported by the chain, both chain and wok ; 
are raised at one time. It is necessary to adjust tho work to the proper height while 
being straightened; if not, the hammering will produce but little effect. The amount ; 
of straightening necessary dopends upon tho diameters to which the bolts are forged, 1 
and also upon their near approach to parallelism. A small bolt not exoeeding 1} in. ia ' 
diameter need not be forged more than a tenth of an inch larger than the *"fa»h*d 
diameter; a bolt aboat 2 in. diameter, only an eighth larger; and for bolts 4 or 5 in.it | 
diameter and 4 or 5 ft. in length, a quarter of an inch for turning is sufficient, if the botti 
aro properly straightened and in tolerable shape. This straightening and shaping of it 
ordinary bolt is easily accomplished while hot, by tho method just mentioned; other 
straightening processes, for work of more complicated character, will be given as we 
proceed. After tne bolts are made sufficiently straight by a top tool, the softening is 
effected by a treatment similar to that adopted for softening steel, which consists ia 
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toliog fta bolt* to redness mad burying thorn in coke or cinders till cold, A little care 
* iu?BtiKifj while heating the bolts to prevent them being bent by the blast. To avoid 
flit* fwalt, the Most is gently administered and tho bolt frequently rotated and moved 
itoni in fire. 

Xutst—'The simplest method of making small nuts is by punching with a small punch 
tbit ii lidd in She left hand; this punch is driven through a bar near one end ofit* 
tiiich i# jilaeol upon a bolster on the anvil, while the other end of tho bar id supported 
h t icrew-prop. Thu mode in adapted to a small maker whose mean a muy bo very 
fiaJirtL By supporting tho liar or nuts in this maimer, it is poaeibi* for a smith to work 
itfkmU hammerman, A bar of soft iron is provided, and the quantity of irou that is 
*|Hrel fur inch nut is marked along the bar by means of a pencil, and a chisel is driven 
iii tho tar at the pencil marks while the bar is cold, A punch ia next driven through 
thill* tb* iron ia at a white beat. Each nut ia then cut from the bar by an anvil chisel, 

M iftanr&ids flubbed separately while on a nut mandrel. The bur on tho bolster is 
*toin by Fig, Sfi, 

A&wre economical method is by punching with a rod punch, which ia driven through 
br k ikdgo hammer. By this means several nuts arc punched at one heating of the 
n\m cut from the bar at tho same heat- A guud durable nut is that in which 
Ik- kik U niado at right angles to the layers or plates of which the nut is composed, 
s -ui kinds of good nut iron are condemned because of these plates, which separate 
*Wb a punch is driven between thorn instead of through them. By punching through 
^ pfutci at right angles to tlio faces of tho intended outs, tho iron is not opened or 
•Panted, and scarfing is avoided. Nuts that have a scarf end in the hole require 
bring, that the hole may lie rendered lit for screw ing; hut nuts that are properly punched 
iniatud mi it nut mandrel ton suitable diameter for the *crow required. Nuts 
kboli* not exceeding or *3 ia, diameter cun be forged with tho openings or holes of 
diameter for screwing by a tap. The precise diameter is necessary in such 
***?, stid u attained by the smith finishing each nut upon a nut mandrel of steel* 
*tiieh is carefully turned to its shape and diameter by a lathe. The mandrel is tapered 
M carved ai the end, to allow the nut to fall oatily from the mandrel while being 
'Wre off. Such not mandrels become smaller by use* and it is well to keep a standard 
of ftioje kind by which to measure the nuts after being forged. The best kind 
4* out mandrel is made of one piece of steel* instead of welding a collar of steel to a 
truii* which is sometimes done, 

Otis punch and one nut mandrel are sufficient for nuts of sinnll dimensions, but largo 
require drifting after being punched and previous to being placed upon a nut 
The drifting is continued until tho bole is of the same diameter as 
^ nuiuiral upon which the nut is to be finished. Tho nut is then placed 
A *fid the hole b adjusted to tho mandrel without driving the mandrel into 
^ Mi* which would involve a small amount of wear and tear that may be 
t Nded. A good steel nut mandrel* with careful usage, will continue serviceable, 
ll *kiul repair, for several thousands of nuts. The holes of all nuts require to 
k *t right angles pi tho two sides named faces; one of these fares is brought 
and Wars upon the work while the nut is being fixed ; consequently, it ia 
Woaary to devote oonsiderahle attention to the forging, llmt the turning nod 
^itsg [isitewas may be as much ns possible facilitated. If the two faces of the nut 
l|v t'kfuhly near lou right angle with the hole, nod lhc other sides of the nut parallel 
** fin liolc, the tint may bo forged much nearer to the finished dimensions than if it 
roughly made or malformed. 

In rectify a nut whoso faces are not perpendicular to the opening, tho two prominent 
****** or angles are placed upon nn anvil to receive the hammer, «a indicated in 
By placing a not while at a yellow heat in this position, th« two coTnets mu 
L> two flaW and the fades become nt the eamo time perpendicular to \A\u 



72 


Fobging and Finishing. 


opening; the nut is then reduced to the dimensions desired. If the nut is too long, 
and the sides of it are parallel to the opening, the better plan is to out prominences 
from the two faces by means of a trimming chisel, Fig. 91, instead of rectifying the nnt 
by hammering. Cutting off scrap pieces while hot with a properly shaped chisel of 
this kind is a much quicker process than cutting off in a lathe. 

Small connecting bolts, not more than 2 or 3 inches in diameter, are made in an 
economical manner by drawing down the stems by a steam hammer. Those who have 
not a steam hammer will find • it convenient to make a collar to be welded on a 
stem, in order to form a head, as shown by Fig. 83. After being welded the head 



may be made circular or hexagonal, as required. The tool for shaping hexagonal heads 
is indicated by Fig. 85. Such an apparatus may be adapted to a number of different 
sizes by fixing the sliding part of the tool at any required place along the top of 
the block, in order to shape heads of several different diameters. The movable or 
sliding block is denoted in the figure by S. 

Tongs.—Fig. 88 shows a curved-gap tongs, Fig. 89 a bar tongs, and Fig. 90 a 
side-grip tongs. Other forms are illustrated in Figs. 92 to 99. To forge and put together 
a pair of flat bitted tongs (Fig. 93), of the most usual pattern, select a bar of good 1 in. 








square iron ; lay about 3 in. on the inside edge of the anvil (Fig. 100) and “take don* 
the thickness to £ in., at the same time “ drawing ” it edgeways to the vtfft 

at 1 in.; this is done rapidly, so as to have heat enough in the bar to proceed with 
the next step, which consists in turning it at right angles, and hanging the 44 Mt," • 
part juBt taken down, over the front edge of the anvil (Fig. 101) and flattening the 
bar just behind it. The third step is performed by placing the work about 3 ia 
farther forward on the anvil, and again turning at right angles (Fig. 102), alighfy 
raising the back end, and striking the iron fairly over the front edge of the anvil, alttt’ 
nating the blows by turning and returning the bar. Cut off the “ bit" 8 or 4 in. behind 
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the pwt kit treated (Fig* 103). Prepare a second Lit in exactly the same maimer, 
Mi! down one end of each. For tho handles or " reins/* choose a piece of |dn. 


90 , 96 . 







M, ttjwt one end* scarf it, and weld it to 
Mfc tit tic hit* Serve 11 ie oth ex bit the same. 
iWti & |dnu hole through each* and connect 
by riveting. Reheat the finished tongs 
tod dress theta parallel; then cool by in?- 
heti km and constant motion in cold water. 

Ue ether forma are made In a similar 
teuwr, diesaing the bits in each cnee 
smend pieced of metal of suitable shape 
tod file. 

hummer* —All hammers for hand use, whether chipping hammers or sledge hammers, 
ihyfiid l*i made entirely of steel. The practice of welding steel facet to iron eye portions 
hunter la avoid using a larger quantity of steel, is more expensive than making the 
entire t«>l of one piece of steel, and an unsound inferior tool id made instead of a good 
w*. The steel selected for hammers la a tough cast steel, and rnuy be termed a soft 
tcwM *tcel that will bear hardening. Cast steel which has been well wrought with 
rdtijjaj fc -irl hammering is suitable for hummers, and but little forging is necessary if tho 
total selected is of proper si te. The small chipping hammers and other hammers for 
^ WTifk are easily made rf round steel, but the larger sizes, termed sledge hammers, 
t> be made of acjunru brsr steel. When several am to be made, a long piece k 
that each hammer may be forged atono of tho bar's ends, thus avoiding a great 
Fdiotj of the handling with tongs. While the work is attached to the bar, it is punched 
'Irifk-d to shape the hole, and also thinned with top and bottom fullers ftt both Bides 
** tte: hole. The greater part of the forging is thus eflkted previous to rutting tho 
k*totftcr from the hnr, and when cut off, nit nigged portions at the extremities are 
Chilly trimmed off with a sharp rod chisel, that the faces of tho work nmy V. aci\V\, 

A good harumtr h that which has a long hole to provide a good bearing lot ttifc 


100 . 


102 . 


ion 


103. 1 
















































74 


Forging and Finishing. 


handle, and which has the metal around the hole curved with punching and drifting, 
the hole being oval, os in Fig. 104, and tapered at both ends or entrances of the hole. 
The entrances of the hole are principally tapered at the two sides which are nearert to 
the hammer's faces, the other two Bides being nearly parallel. 

Steel taper drifts of proper shape aro therefore driven into both 
ends of the hole, to produce the required form, and all filing of 
that part is thns avoided. 

The making of small sledgo hammers is conducted by forging 
each one at the end of a bar, similar to the mode for chipping 
hammers, but a sledge hammer, about 20 lb. in weight, is made 
either singly, or of a piece of steel which is only largo enough to be 
mode into two; the handling of a heavy bar is thus avoided. By referring to Fig. 105, 
it may be seen that the handle hole or shaft hole of a sledge hammer is comparatively 
smaller than that of a chipping hammer; this is to provide a solid tool that will nut 
quiver or vibrate when in ubc, and is therefore not liable to break. 

Very little filing is sufficient to smooth a hammer, if properly forged, the shaping 
being easily effected with fullers and rounding tools; and after being filed, each of tb 
two ends is hardened, but not afterwards tempered. After hardening, the two endi 
are finished with grinding on a grindstone. Polishing the faces of engineers’ hommefs 
is not necessary. 

Through tho handle hole of a hammer being tapered at both ends, the shaft end ii 
made to resemble a rivet which is thickest at the two ends, one ]>art of the shaft being 
made to fit one mouth of tho liolo with filing or with a paring chisel for wood, and the 
outer end of the shaft l>eing made to fit tho other mouth of the hole by spreading the 
wrNxl with a wedge. The wood for tho shaft is ash, and is fitted while dry, so that the 
handle requires hammering to force its end iuto the hole, and when the hammering hv 
made the taper shoulder of the shaft end bear tight against tho taper mouth of the hoi* 
the driving ceases, and the superfluous wood extending beyond the wedge end of tbs 
hole is cut off, and the wedge hammered into its place. This wedge is of iron, and hM 
an angle of about ;.° or 6°; consequently, the moutli of the hole should have the sane 
angle, to cause the wood to fill tho hole when a wedge is driven in. Tho principal 
taper of the wedge is in its thickness, its width being nearly parallel, to moke it hold 
tight to the wood. When it is to bo put in, it is placed so that its width shall be parsUd 
with the parallel sides of the bole, the taper purt will then spread the wood in the props 
direction. An additional means of tightening the wedge consists in making a few bsifas 
upon tho edges, and also cleaning and chalking it when it is to be hammered into tot 
wood. 

In order to produce a largo number of hammers of the same shape and dimeniioot 
each one should be shaped while between a couple of top and bottom springy shapers* 
This shaping is effected near the conclusion of the forging, and the hmwnuy being 
shaped, is held with a long handle drift, whose point extends a few inches through the 
hammer, and also beyond the shapers, the length of the hammer being at right aogtoi 
to the length of the drift. After such shaping, the mouths of the hole may be tapend 
with a drift or with filiug; to avoid filing, a diort taper drift is used for tapering tfai 
mouths of the hole, and the long handle drift for holding tho hammer in the shapenii 
provided with a taper shoulder, to fit the taper mouths of the hole; and when a 
is to be put between the shapers, this drift is hammered tight into the hole until thi 
taper shoulder of the drift bears on the taper mouth of tho hammer. 

Chisels.—Chipping chisels for engineers seldom remain long in use, through thi 
continual hammering and consequent vibration to which they are subjected for cutting 
metals, and because they are made of a granular tool steel which is too solid for child* 
and aiwuys breaks unless the cutting part of the chisel is too thick to possess good 
cutting properties. Every sort of steel which has been cast, but not afterwards modi 
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Ibroua with, hammering, should be rejected, and pure iron bora, that were carbonized 
with charcoal without being' afterwards uuaf, should bo selected, the precise quality of any 
^uc piece in ail casta depending on tho quality of the iron at the time of carbonization* 

It is Dot p&ssiblo for the tool maker to know how or of what maleriuks his *U cl was 
Ui%L, but he id able to ascertain the quality of any piece by testing it, which should 
tiw&ja be done previous to making a large number of one bur, or of one sort of steel. 
It id al?o necessary to lOit each bar, and somclimea both ends of one bar, because ouo 
end may be much harder than the other end, and the operator be deceived thereby. 

The bar steel which is made for hand chisels is in the shape of four-sided bars,each 
Wing two Hat skies and two curved convex cues; such a shape is produced with rolling, 
sad u con venient for handling, A piece of such » bar* or n few indies at one end of it, 
u ty bo find tested by heating it to a bright red, and cooling it in dean cold water until 
tin) fctr.el ia quite cold j it is then filed with a raw file, or &omo other smooth file known 
in be Laid, and if the steel cannot be cut, its hardening property is manifested, Tho 
wit t»t consists in hardening it and allowing it to remain in the water till nearly 
•dd, then inking it out and allowing the heat iu the interior to expand the hard 
tihrjir; this will break it, if not fibrous enough to withstand the trial. A third test 
archst* in making a grooving obisel of the steel, and hardening it ready for me. This 
stio pfuper test for all chisels, because it is easily und quickly performed; and it is 
*h.**Mc to make the cutting end rather thinner than for ordinary chipping, to that if 
it not break nor bend while thlu, it is reasonable to expect it would not break if 
iLicictr, 

Hit forging of a chisel, whether a broad smoother or a narrow groover, consist* in 
kpruig oae cad, aud next cutting off the crocked extremity which is produced whenever 
■W u ftirg*d thin and tapered. During the final reducing, the taper part is thinned 
"fih i flatter, and ihc fia turning is continued till the end is below rid heat Hardening 
aunt performed while the work is yet warm; this consists in gripping the chisel iu 
uud ht»ti&g 5 or G in. of Ihe steel b* redness, then placing about 2 in, of the taper 
M lUatmyu into water and moving it quickly to und fro tilt cold; it is then token 
"&tr.nd tempered, which is effected with the heat hi the thick portion that was not put 
tvto tliF wiiU r; this heat moves along to the lrnrd end and softens it while tho operator 
rutsuff the thin scale with a piece of grindstone, which allows the colour to appear; 
toi smarm as a purple is seen at the cutting part, tho on tiro taper portion is cooled in 
i*fcr, Tliis mode of tempering allows only about half an inch of the taper part to 
frauiin hard, all the remainder being soft; if not, tho vibration caused while hammering 
ViWi break the tool in the midst of the tnper portion. Some K>rts of sled require 
at a very dull red, and tempering until a quarter of an inch at the end 

hilar, 

Sharpening chisels ready for use is effected on ordinary grindstones, Thu cutting 
•Ip dwuM be mode convex, to obtain two result*, ono of which is rendering tho tool 
* 4 ‘ liable to break, and the other result is tho greater ease of cutting while holding tho 
W to tU work, Thu^e chUds that are to eut brass or gun-metal have their Jong tujjer 
pvtknis, and also their cutting ports, Hi inner than the 
W*r portions of chisels for iron and steel, those for stud 
Wag ttikkesit of all; but the augle.-i of the taj»er part* aro 
ding ihtt Muut> for all chisels. When, however, a small 
dft renee b made in such angle*, iho smaller angle is given 
tofiiu-F for catting brass and gnu-metal. The angle of a 
Mfh«r§ long taper portion is only about 6% but that of tho cutting end is abont 
V * ^ % 106 a narrow aide of a chisel is shown, and a couple of lines are made* that 
Qi «d from Ihe cutting end; two other lines arc also shown, which extend from the 
la * WpCT f art, Ihe differi nee between the two angles being indicated by suchUwea. 

h k only during the mending/ a chisel that tho proper maim gem tut can be ex&cUy 
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effected. After they have been in use, the workman can decide whether the metal lie b 
cutting requires the chisels to be harder or softer than they were when first hardened, 
bo that h© instructs the tool maker to make them harder, if necessary, or to make the 
thicker at the cutting part, if steel or hard iron is being chipped. By using a cliW 
it ia also discovered whether it were left too hard at its tem[wring, and needs differm! 
treatment 

To prevent the head of a chisel burring around the edges with hammering, tod 
causing pieces to fly off, the head should be frequently curved with grinding, fit tbe 
time the cutting part is sharpencd: and when a head is mended at a forge, the tnd 
may be tapered, but none of the burr is to be hammered; all these should be cut ufi 
with n small trimmer, or ground off with a grindstone, previous to tapering on tiu j 
anvil. 

Files.—The processes to which files aro subjected, after receiving them from tb 
file maker, include hardening, bending, cranking the tangs, and shaping the loop to , 
prevent their handles foiling off. 

Rough files are often or made of inferior steel than smooth ones, and if the metal b j 
not capable of properly hardening in ordinary Waiter, salt water is used; and if afi j 
extraordinary hardness is requisite, the file may be hardened it) mercury. Rough filet 
ore often softer than they should be, to prevent their teeth breaking off during uw; | 
this should be remedied by forming the teeth so that they shall bo inclined at ft pniptf 
angle to the file's broad sides, and by properly polishing the sides previous to forming 
the teeth; smooth teeth are more durable than rugged ones, and teeth having stno lii 
extremities cannot be produced if the blank sides are not smooth. The cutting rida of 
a file must be convex, and to obtain this form the middle of the file ia made thickest 
The convexity of one aide of a fiat file is destroyed if the tool bends much in hardening, 
and if found to be thus bent, it ia heated to dull red and hammered with a wood barntn'i 
while lying across n wood block having a concave face; this hammering is eqmllj j 
administered along the entire length to avoid forming crankles, after which it is butd 
to redness and hardened. ITalf-round files are always preferable if tho half-round siJ« j 
are convex and the point very much tapered, A rough file which is mode of soft fled 
that cannot be properly hardened, is improved by heating it to a bright red and pilling , 
it in a long narrow box containing powdered prusaiate of potash; the file ia then beM j 
in the fire a few seconds until the powder attached is melted, when the work is cocM 
in water. The tangs of files are not hardened, or, if hardened, are always made quifc 
soft afterwords, to prevent them breaking while in use. 

In order to crank Urn fang of a file without softening its teeth, it is necessary to IM j 
a couple of thick pieces of iron to that portion which adjoins the tang, and to heat tbs 
tang as quickly as possible by putting it through the hole of a thick iron ring which if ] 
at near welding beat; this ring is narrow enough to allow the greater part of the taug** 
length to extend beyond the hole, by which means the thick portion in the hole 11 
healed to redness while the thin end remains black. When the proper beat is then 
obtained, the first bend to commence the cranking Is made by bending the work whlk 
in the bole, if the hole is small enough; if not, I be bending is performed on the anvil 
edge. The situation of the first bend la near the file's teeth, and the tecond bend 
the tang's point is afterwards easily made, because it is not necessary to heat the W 
in its thick port. 

File handles frequently slip off through the tanp being too taper; this is remedied 
by grinding and tiling the tang at its thickest end, without beating it and thinning it os 
an anvil, especially if the file is a good one. Handles also slip off through their Lol» I 
being of a wrong shape, resulting from using one handle for several file*. The j 
mode of fitting a handle to a tang consists in making a small round hole which is unify 
as deep as the length of the tang, and next shaping the hole to the desirod form fy 
burning out the wood with the tang; for this purpose it is heated to a bright red 1 
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aim. and a dull Ted at tins thick part; it k then pushed into tho handle, and allowed 
it ifloiim in a tew seconds, when it in palled oat and the dust shaken from the hole; 
iW taug is (hen again heated and put the same way into the bole. to obtain tho proper 
i\ ip , One heating of tbo tang is sufficient, except it happens that the round hole 
it m vo Ktunll or too shallow, when two or three burnings may bo necessary. In order 
ttfttoid the danger of softening a good file, it is proper to use the fang of an old file, 
oWning that its ehnjK? is similar to that of tho tang to bo fitted, 

SrimpenL—A scraper having a flat extremity is easily mode of a small flat file, the 
thin taper prlho of the file being fir*t broken off, and a straight smooth extremity 
jmdmcil wth grinding on a grindstone, Tho two broad sides are ground near the 
ifikmlid culling edges, to destroy all convexity in that part, and to produce a slight 
emsomtv, for giving a cutting property to the edges, these two concave sides being 
iTtrnnrdf polybed with flour-emery cloth* Tho flat extremity requires to be slightly 
rnmd find convex, and is ground until about a sixteenth of an inch prominent in the 
aiJdk. A ft if such a semper has been properly made, the several grindings for 
lUrpftdng are entirely performed upon tho fiat extremity, so named, the broad skies 
act Mag ground, but merely rubbed on an oilstone* An oilstou© is also required 
to sacothly polish the cut ling part every time the tool is si arpeued* 

TlmsiOQinisnd scrapers are much used, and are made of triangular files of various 
arcs; Urn points of these are ground on a grindstone until the three intended cutting 
alga ate regularly curved and convex; and the tool is finally polished on an oilstone. 
Jv- ;<tb having broad thin ends for scraping sides of holes, concave surfaces, brasses, 
*MU uf *team-cocks, and similar work, require a concave side, that may be termed 
fl# Mtocn, This side or surface is that which bears on the surface being scraped, 
i’d thnmgb being concave, the tool has a superior cutting property, and is al^o easily 
r«wd lo and fro by the operator without being liable to rock or cant while on the 
*tefc 

A aitvle of making a scraper very light, to promote an easy handling, consists in 
titiaosng the intermediate portion, thus making it much thinner than the cutting purl 
lUicinpeT thus lightened is not thick enough to permit its being firmly held by the 
vtrkman, the thin portion U covered with a few layers of cloth, flannel* worsted, felt, 

*v miliar substance, to enlarge the mid-part of the tool to a convenient thickness. Such 
i entering is aUo u^ful for all scrapers, whether thick or thin, rectangular or triangular, 
if (lupy are Email, to avoid cramping the finger** 

Beatper* (but are made of files by grinding nerd no hardening; but if ouo has been 
brjjed fay thinning and spreading one end of a piece of round steel, the process of 
bwd tmg is performed after the tool is roughly filed to its shape. For Borapera, no 
fc»peting b necessary. 

Drifts*—Cutting drifts having teeth on their sides, similar to largo files tooth, are 
»hajid by two methods; Email ones nut mure limn 1 in* thick being grooved by filing, 
wd large, ones that may bo 3 or 4 in. thick being grooved with a planing machine or 

■taping machine* 

The iteel suitable for drifts is a tough, well-hammered metal that has not been oust* 
ttd tuo smaller the intended tool the greater is tho need to Meet an elastic fibrous 
B- td which will bend after being hardened, and not be liable to crack in hardening 
Itani^h being too solid. Small thin drifts may bo made of a hard Swedish iron, and 
^••TVirfU portly carbonized to steol tho exterior. A drift thus made will sustain a 
bonding w bile in a crooked hole, without bring so liable to break as if tho entire 
M hereof steel, The short drifts do not bend wbdo being hammered through a piece 
d Work; they may therefor© bo made of steel; but all lung ones that are comparatively 
tta urn mom pliable if made of iron. The hammering of any drift, whether long or 
shakes and tends to break it, and It is advisable to make each one as short us ita 
Lnttndod wurk will permit Those for drifting small holes often require \oug haudV*, 
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similar to that shown in Fig. 107; such a handle is thinner than the portion for cutting 
that all its teeth may be driven through the work. 

Iron drifts are steeled by being packed in charcoal in boxes; the lids are pat on, 
all the crevices are filled with loom, and a thick layer of loam is pot on the ledge, which 
extends nil round the mouth for the convenience of supporting the loam. After all tbs 
crevices are thus filled, to keep out the air, the affair is put 
into a large clear fire, that plenty of room may exi»t arouud, m. 

and gmdually licit ull sides of the box at one time. A _ 

plate furnace firo will afford a convenient heat, a substitute C fWVV\^ 

being a large forge fire; if this is used, the blast is very 
gently administered until the work is red hot, when the blast 

is stopped, and the work is allowed to remain at the same heat for 2 hours, daring 
which time the drifts have absorbed the carbon from tho charcoal, and the surfaces tie 
steeled. This being done, each one is taken carefully from the charcoal without brown; 
the edges, and allowed o cool separately, if they aro required immediately; if not,the 
box is taken from tho fire he lid is raised, and tho work is allowed to slowly cool whib 
among the charcoal. When t he drifts are cold, they aro put into order for hardening 
This may be done ut any future time, and consists in sharpening the teeth and polishing 
tho surfaces, to make them us they appeared previous to being heated, and when they 
are to l>c hardened they are again heated and cooled in water. This second heating b 
seldom necessary for drifts if they aro properly finished previous to steeling, and ther 
may l>c hardened whilo hot at tho time they are first carlionixcd. Drifts thus steeled 
may 1>o softened at any fnturo timo when the teeth require sharpening, and Again 
hardened by merely heating and dipping into water, because heating the tool does not 
lilx-rate the carbon. 

This method of carltonizng is also adopted for changing the surfaces of iron semr- 
taps into b'.eel; taps thus treated are useful for several classes of work, if properly 
managed. 

Punches—A punch wiili a circular extremity, for making round holes into cold 
sheet iron and other metals, is about 0 iu. long, and made of an old round file, to avoid 
forging. The file is lir^t thoroughly softened along its entire longth, and one end ia 
reduced until of a pro^r diameter to make the holes desired; this reducing is often 
done with a grindstone, while the filo is soft, when forging cannot be effected, and tbs 
intended cutting extremity is ground until flat. When properly shaped, tho tool if 
hardened by beating to redmss about o in. of its length, and placing about 1 in. into 
water, moving it to and fro as for hardening other tuols; as soon as the tool's extremity 
is cold, it iB take n from the water and cleaned, during which time the heat slowly 
softens the end, and when a blue colour apjienrs at J or J in. from the extremity, tho 
hard part of the punch is oooh d, but tho remainder is allowed to cool os slowly si 
possible, that it may l>e quite soft. 

Square punches and other angular punches for hand use are of the same length si 
round ones, and are made of properly softened round and square files. Punohes are nd 
nit*roly required to muko holes; they are useful for smoothing and polishing the 
boundaries of various recesses that cannot be filed, scraped, or ground. A punch for 
such work is held in one hand, and applied to the work whilo the bead of the punch il 
hammered until the surface in contact ia shaped. Tools of this class have shaping 
extremities of various forms, some being curved and convex, others are concave, 
are provided with ridges, knobs, teeth, and other protuberanoes, the extremities of othen 
are rectangular, triangular, and oval, having recesses of several forms. All sock 
punches require a careful polishing, both previous to hardening and afterwards, and ths 
better the polish given to the punch, the smoother will be the surface to be punched. 
The ends of such tools are specially tempered after hardening, to suit their wpectift 
shapes, those extremities which are broad, and consequently strong, being tempered tot 
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unto* the steel happens to be a brittle cast steel* fur which metal the temper 
by blue is necessary, 

nnirn—The proper motel for spanners generally* is n soft fibrous Bessemer steel; 
etui is produced by rolling and hammering the Bessemer product lifter being 
mt the fibroma elm meter mey be produced. If such steel la soft enough, it will 
iid njKinroTs of a)J itotpea may be made of it. 

make a gap spanner quickly for immediate use, one end of an iron or stool bar is 
to a bright yellow beat* and bent until a hook is formed; the work is next 
lit the curved part, an-1 lengthened or shortened until the gap is of a proper 
A gap spanner of this diameter is shown by Fig. 108. Another simple class of 
atm ere art Ujom made of thin bar or plate steel. A spanner of this sort needs no 
fig to produce the handle, because the gup portion is no thicker than the handle: 
r trferr made by cutting out with chisels while 
tit is at bright red beat. Small spanners only 
be made by this mode, because of their wide 
crtiotis* and arc represented by Figs. 109 
6 * 

all gap spanners* of only 1 or 2 lb, cadi in 
arc easily made of steel, and should have 
heal handles, usually termed round Into dies, 
goto wn easy handling. Large spanner* may 
jftitd thin handles* that they niny be light, 
e two edges or narrow sides are curved, A 
wntur with only one gap end in made by 
mg a tar which la thick enough to be made 
* planner's gup portion without uptdting, 
mining the end ul the bar until it is of the 
length and shape lor the spanner'* bundle, 
up in the thick portion b next made by firat 
ng a bole at the place lor the bottom of Lho 
ul gap* a round punch I mng uwd if the 
u to he curved* and a 6-sided punch or drift, 
bottom is to be angular. When the hole is 
two slit# are formed from the hole to the 
tttes, and the suprrfiuoiis gap-piccc is cut out, 
eh time the work U roughly prepared for an 
trimming. Another spanner is next partly 
by the same means of the same bar. if ueccs- 
ad any greater number that may lie required, 
mer in proneas of being made of such a piece 
rata l by Fig* III, 

« forging of ;t spanner which is to have a gap 

k rod *► effected by making two gap-piecea, each one having a gap of proper sire* 

\ end or stem of about half the entire length of the intended spanner. These t*o 
arc scarfrrl, or a tongue-joint is made* for the purpose of welding them together* 
ffnrfiteea the desired spanner having a gap at each end. After being shaped at 
p farts, the spanner is bent, whether it has one gup or two, the bending being 
ifcfr that the * panne? may be applied to the 6 sides of a nut by moving the handle 
I fro in the shortest possible space. This bending coaststs in heating the junction 
ftp part with its stem, and landing it until the handle or stem is at an angle of 
ih th#* gap-sides, 

ir final shaping of a gup-^panner consists in trimming the edges with a trimming 
uml curving the outer gorfadeau H&lf-iticnd top and bottom tools are fcTO\ftoye4 
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for this curving, and tho edges of the gap portions are shaped while between such tod* 
and also while a tiller is in the spanners gap. This filler is of steel, and is long enough 
to be supported on a couple of blocks, or across an oponing of some sort, while tie 
•spanner’s gap-part is held on the filler and shaped with the top and bottom tools. One 
narrow side of tho filler is angular, similar to the bottom of the gap, and the thiokneMii 
the forged width of tho gap; consequently, while the outer surfaces are being shaped at 
the time tho filler is in the gap, both tho gap and the onter edges of the gap portion are 
shaped at one hammering. 

In order to provide good bearings in tho gap surfaces, and to prevent the entire gap 
portion being too broad, and thereby occupying too much room, the thickness of a gap 
portion belonging to a Bmall spanner should be about equal to the height of the ml 
which is to be rotated, and tho total breadth across the gap part only about 3 times tba 
diameter of the hole in the nut. Large spanners for nnts 3 or 4 in. height, may have gap 
parts which nre two-thirds of the nuts' heights. The proper shape for the bottom of s 
spanner's gap is angular, that it may fit any two contiguous sides of a 6-siicd not or 
bolt head. Gaps of such a form will suit hexagonal nuts and square ones. A gap with 
a curved bottom bruises the nuts’ corners, and it must be made very deep to prevent the 
spanner slipping off while in use. By Fig. 112 a spanner is represented whoaegap put 
is of proper shape. 

Gap spanners are often forged of ordinary fibrous wrought iron, and after they are 
properly finifhed and tho gup surfaces smoothly filed to suit the nufB, the entire gap 
portion of each spanner is hardened ; this is performed by heating it to a bright red, 
rolling it in powdered prus&iato of potash, and then cooling it in clean water. Small 
iron spanners, that are only 0 or 8 in. long, are put into a box with bones or hoofs, and 
their entire surfaces nre steeled, similar to the mode for steeling other small tools. 

Cast-iron spanners are those that are mudo by pouring tho metal into sand mookli 
that are shaped with wood or iron patterns resembling the spanners to be cast. After 
casting, tho spanners nre softened by a long gradual cooling, which makes the metal 
soft, and prevents the tool brouking while in nse, although the metal is not made fibrou. 
Cast steel thus used is a preferable metal to cast iron. 

The stem8 and handles of socket Bpanners are made of round iron or steel, and 
separate from tho socket portions. Tho socket portion of the spanner consists of a 
tubular piece which is attached to the stem by welding its end in the socket VK This 
socket piece may bo an end of a thick tnbe, if such a piece can be obtained with a hob 
of proper diameter. The socket may be made also by punching a hole through a solid 
piece, and drifting tho holo to a proper shape and size; this produces a good socket if 
the metal is solid. The convenient mode of making a socket of an iron or soft steel bar 
consists in .curving to a circular form ono end of a bar which is about as thick as tire 
intended socket, and welding the two ends together by means of a sort of scarf joint 
termed a l ip joint. Such a joint is mode by tapering both the ends that are to be welded 
together, and curving tho socket piece until its holo is about thiee-quArtere of it* 
finished diameter, which allows tho socket to bo stretched with welding to its proper 
diameter. After a socket is made by either of tlicso moans, its holo is shaped withs 
steel Glided drift which is of the same shape and thickness as the required socket hob 
One end of the socket is next heated and upset, to make it thicker and larger in diameter 
than the remainder, at which t'.mo it appears as in Fig. 113, being then ready If 
welding to the stem. 

Tho preparation of the stem consists in thickening one end by upsetting, and shaping 
it to a Gsidcd form to fit the socket-hole. A stem thus shaped is denoted by Fig. 114; 
and the thick part is made to fit tight in the hole, that it may be easily handled and 
welded in that situation. The length of tho part which is in immediate oontaet with 
the enlarged end of the hole is about half of the socket’s length, and while tire 
two axe together a welding heat is given them, and they are welded with a couple of 
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augtilar*gap took while the socket is ho tween* Daring this welding, the took are in 
contact with only that part which can tains the end of the stem, in order that the hole 
nwyaot be imido much smaller by the hammering. This welding reduces the thick 
t*utof the socket to the same diameter as the thinner part, and also lengthens the 
WhfLDg of the stem in the hole* 

The final shaping of the socket, after it is properly attached to the stem, is aceom- 
pkheil by trimming off superfluous metal to make the socket to n proper length, 
nad ■aoothly finishing the bole with a G-sided filler* This filler is parallel, and is 
rarefiilly made so that it shall be the precise thickness and shape of the finished hoi®, 
kifig tap nd a short distance at the point, that it may enter easily into the bole when 
tKtniy The extremity of the part which is in the hole is smoothly shaped and 
carved, for smoothing (he bottom of the socket hole* This smoothing is effected by 
loafing that part of the socket and hammering the end of the stem while the filler is in 
llw Ink* and touches its hot tom* To conveniently hammer the stem, the filler is put 
into the hole, and the outer end ef the filler is then put to the floor with the socket-stem 
►r-tjuiing upwards, the filler resting on a soft iron block or lead block, whose top is 
kid with the floor; while thus arranged, the upper end of the stem is hammered and 
in bottom of the hole is shaped* A filler of this class, in the hole of a socket, is 
«PfMn»teaI by Fig* 115. Through such a filler being nearly or quit® parallel along a 
[*rt of its length, it cannot 

1* ideated from Any socket after m* 

'l«-sug once hammered in, without 
Staling it and enlarging the hole 
Mgfc to let out the filler with 
falling In a vice, or similar means. 

The handle end of the stem for 
tgfcit spanner is provided with a 
l»K if to bo used with a separate 
Wr, nr provided with a y handle, 

(flats rotated by such means; and 
'l the spanner has a bent stem, con- 
nitutbg a handle which is at right 
«gki to the length of the socket, 

He *tem is heated to make the 
W in the right place, after all 
fi# joint-making is completed* 

If a socket spanner is not to be 
■fifcl tumid, it is necessary to care* 
filly mince the work to & proper 
sad dimensions while on the 
bet if to be turned, a proper amount of metal is allowed, that the socket may 
Sit l* too thin* A socket spanner is turned while its handle end is supported on the 
pivot of a lathe, and its socket part is supported on a broad conical pivot, which 
bUlfl* enough lo bear on the edges of the hole’s mouth* By this method, the socket 
i* ssrtiralely turned so that one side shall be just as thick as the opposite side, and if 
tijL' »uLfe length of the socket were forged parallel to the drift while in the hole, the 
outer surface of the socket when turned would be also parallel with the hole. 

A *paafmr which has a boss at one end containing a square, G-sided, or round hole, 

;+ '-'igod at one end of a bar which is nearly as thick as the length of the boos which is 
kdavu the hale. At the end of the bar a portion is reduced until small enough for tho 
^uuU^uui the thick portion adjoining is punched with a taper, square, or round punch, 
«d tlM drifted while at welding heat with taper drifts of proper shapes* In Fi%* II s * 

• ffmtner being made at on# end of & bar is shown, and may be partly drifted wVda 
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attacked to the bar, and also afterwards, while separate, as denoted by Fig. 117. When 
it is cut from the bar, the shaping of the boss is completed by hammering the outside 
while at welding heat, and by fullers applied to the junction of the boss with the 
handle; during both these processes a drift is in the hole ; a drift is also in the hole of 
a boss, which is circular, and being rounded with half-round top and bottom tools. 

The drifts for enlarging the holes are very taper, similar to the one shown in 
Fig. 117, and those for adjusting holes to proper diameters are so nearly parallel that 
they appear parallel to ordinary observation. A parallel drift is indicated in Fig. 118 
and is tapered at each end, to prevent its being stopped by the burs made with 
hammering while being driven into or out of a hole. 

Several drifts of various sizes and shapes are always kept ready by the smith, and by 
a proper use of the parallel ones a spanner with a circular hole can be enlarged until 
the desired amount of metal remains for boring the boss to the stated dimensions; and 
if the spanner being finished has a square or G-aided hole, it can be drifted until it fits 
the nuts, bolt heads, spindle end, plug end, or other works for which the spanner is 
made, thus avoiding much filing, drifting with cutting drifts, and other lengthy 
processes. 

Wrenches.—Wrenches for rotating taps, broaches, and similar tools are made of throe 
portions for each wrench, one piece being the boss which is to oontain tho hole or boles, 
and the other pieces being round straight pieces for the handles, the three being 
separately made, and the holes in the boss-part finished, previous to welding the pieces 
together. The length of the boss-part depends on the number of holes to be in it, and 
after the length is ascertained, u piece of soft steel is selected which is ls.rge enough far 
the boss, and long enough to allow a stem to be thinned at each end of the boss; 
this component piece is first projierly marked while cold, to denote the commencement 
of each stem, and next fullered with top and bottom fullers to commence the thinning, 
which reduces tho steins to a proper diameter. A boss-pieco of this class is shown 
by Fig. lli>, which is to have only one square hole. Another boss-piece, made by tin? 
same means, but having 3 holes, is represented by Fig. 120 ; in this figure a mouth for 
a tongue joint is shown at the end of each stem, such a joint being adopted when ' 
inakiug large tup spanners. A tap spanner to be welded by means of scarf joints is 
indicated by Fig. 121, in which the ends are thickened and bevelled ready for welding. 
When the handles are welded with tongue joints, the joints are made very strong, 
through tho extremities being made to extend several inches along the handles, as 
denoted in Fig. 122. 

A small wrench that is only about 1 ft. long is made of only one piece of steel, and 
it is not necessary to select soft steed for welding, the stems which are produced from 
tho boss being mode long enough by thinning to become the handles, without welding 
them to separate pieces. I .urge tap spanners, also, are occasionally made in this way if 
the operators have access to steam hammers for tho reducing. For economy, small 
wrenches are often made of old files, and if the steel is not too brittle to be properly 
thinned for the handles, strong, hard, durable spanners are produoed. 

All the holes iu wrenches are square, and are made by punching and drifting, 
having proper care to enlarge the holes 'with smooth drifts, so that only a very little 
filing shall bo necessary. The handles of tap wrenches are lathe-turned, and ths 
junctions of the stems with the bosses are nicely curved with springy corner tods. 

To make a capstan spanner having 4 handles extending from the boss, one thick 
piece for the bo^s is necessary, and 4 straight pieces for the handles; these are welded 
to the boss part by means of stems that are produced from the boss by thinning. 

The outer shape of the boss should be square, not circular; and to produce a bom 
which is to be 4 in. long and about 4 in. square, a piece of soft steel bar should be 
aeleoted which is about 4$ in. square, which will allow a trimming to shape the bom 
'•Her it is spread with punching aud drifting, the length of the piece being atari 
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9 in*. that llicre may be Ample metal for the 4 (stems* in addition to the boss. This 
fk'* L» first fullered at each aide of the intended boss, nod thinned, to form a lump in 
th** Huddle, and which shall extend from only one side, as shown in Fig. 123; the two 
I binder portions are next punched with a round punch to make 2 holes near the boss, 
•ittul«r ti those in Fig. 124; a slip is next made from each hole, to make the 2 stems 
or auns into I; these are separated, and the junctions fullered to moke a rough 4-arm 


lie. ui. 



cQj 




b — di uoted by Fig* 125. The square hole is next punched in the boss* by commencing 
with • Tcry taper square punch, which is driven from both ends of the bole, the 
punch being placed to moke each comer of the hole opposite one of the 4 arms. After 
pane tun*, square drifts arc used to enlarge the hole, and a hammering is given to the 
U-m while m drift is in the hole, and the boss at welding heat, which makes it rather 
ft broils than before* The junctions of the amis arc next shaped w ith ft fuller ami 
mi bam out, and the arms lengthened to a convenient length, that the boss may not bo 
Wv» m?ir lhe anvil while welding the handles to the sterna of the boss. The final shaping 
of u -t !■*< consist* in cutting off superfluous metal with a fiat ckhel and a tfc\, 
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and smoothing it with a get hammer or flatter, also with a fuller at the juneL 
while a drift of the finished flizo of the hole remains in it, A boss of this class reqi 
a careful trimming to shape it at the conclusion of forging, to avoid a lengthy shaph 
while cold, especially because it cannot be turned in a lathe. The boss, having 
arms at right angles to each other, and reduced to a proper thickness, is represented 
Fig, 126, 

The circular boss, shown by Fig, 127, has an elegant appearance, and can be latl 
turned to partly shape it; hut such a boss requires more metal arouud a square hole tU 
is necessary for a square boas of the same strength. When bosses having 4 arms, 
3 arms, are being made in considerable numbers, each one can be easily ahaped 
a shaping mould, which is fitted to a steam-ha miner anvil. 

Adjusting turfacci foj ha m mering .—Une of the moat interesting uses of the hamn 
is for stretching plates of metal. Blows applied upon the surface of a straight pi< 
of metal will cause the side struck to rise up and become convex, and render the otl 
side concave. This process is termed 14 palling " or * petting,” from the pane or pene 
the hammer being generally used to perforin it; it is resorted to for straightens 
plates, correcting the tension of circular saws, &<\, and has recently been made 1 
subject of a moat instructive lecture before the Franklin Institute, by Joshua Bose, fr 
which the following abstract is I alien. 

Supposing you have a ’-in* plaio with a dent in the middle, on laying one end os 
anvil, holding up the other in your left hand, and springing the plate up and do* 
with your right hand* if you watch the plate, you will see that ae you spring it t 
middle moves most, and the part that moves is a +i loose " place. The metal round * 
it U too short and is under too much tension. Now', if you hammer this loose place yfl 
will stretch it and make it wide, so hammer the places round about it that 
the least, stretching them bo that they will pull Iho loose place out. With aver 
little practice you can takeout a loose place quite well; but when it comes to a thick pink 
the case is more difficult, because you cannot bend the plate to find the tight and h 
places, so you stand it on edge, and between you and the window the lights and dri 
show the high and low patches. Fig, 128 represents what is called the 14 long croEB-faw 
hammer used for the first part of the process, which is termed the 11 smithing/* 
fhice that is parallel to the handle is the long one, and the other is the cross-face. The# 
faces are at right angles one to the other, so that without changing his position the openk 
may strike blows that will be lengthways in one direction, as at <*, in Fig, 129* as 
by turning the other face towards the work he rany strike a second series slandi 
us at b* Now, suppose we had a btrnight plate and delivered these two series 
blows upon it, and it is bent io the shape shown in Fig, 130 , there being a straight wiw 
at a, and a scam all across the pkte at 6, but rounded at its length, so that the plate wi 
be highest in tho middle, or at c, if we turn the plate over and repeat the blows *»gaiu 
the *aine places, it will become flat again. 

To go a little deeper into the requirements of the shape of this hammer, for straight 
mg saws both fact s are made alike, being rounded across the width and aligW 
rounded in the length, the amount of this rounding in either direction being imports 
tiecause if the hummer leaves indentations, or wliat are technically called 11 chops, 1 * Ihr 
will appear after the saw has been ground up, even though the marks themselves u 
ground out ; because in the grinding the hard Bkin of the plate is removed, and 
goes back to n certain, but minute, extent to wart! a its original shape* This it will 
more in the spaces between the hammer blows than it will w here the blows actually Ce 
giving the surface a slightly waved appearance. 

Tho amount of roundness across the face regulates the widths, and tho amount 
roundness in the face length regulates tho length of the hammer marks under any gi^ 
force of blow. As the thicker the plate the more forcible the blow, therefore the 1 
Uie diweusinns of /he hammer mark. This long cross-hicc is used again after the uu 
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hare been ground up, but the faces are made more nearly flat, bo that the marks will not 
sink «j deeply, It being borne in mind, however, that in no ease must they form 
distinct indentations or *' chops.* 

Fig. 131 is a “twist ,T hammer, used for precisely the same straightening purposes as 
th* long cros^face* but on long and heavy plates, and for the following reasons. 

When the operator it straightening a short saw, ho can stand close to the spot 
he H hammering, and the arm using the hammer may he welt bent at the elbow, 
which enables him to see the work plainly, and does not interfere with the use of the 



hammer, while the shape of the emithing hammer enables him to bend his elbow and 
still d* liver the blows lengthways, in the required direction. But when a long and 
h-uvy plate is to be straightened, the end not on the anvil must be supported with the 
left hand, and it stands so far awsy from the anvil that ho could not bond his elbow 
«nd still reach the anvil- With the twist hammer, however, he can reach his arm out 
•tmight forward to the anvil, to reach the work there, while still holding up the other 
cud, which ho could not do if his elbow wore bent. By turning the twist hammer 
©ti*r he can vary the direction of the blow the same as with the long cross-face. 

Both these hammers are used only to straighten the plates, mid not to regulate their 
tension, for a plate may bo flat and still have in it unequal strain a; that is to say, there 
may exist in different locations internal strains that are not strong enough to bend the 
plate out of truth a* it ia, but which will tend to do so if the slightest influence is 
alerted in Ihelf favour, as will be the case when the saw is put to work. When a plate 
is in this condition, it is said to have unequal tendon, and it is essential to its proper 
aw that this be remedied. 

The eitetence of unequal tension is discovered by bending the plate with the hands, 
at ha* been already mentioned, and it is remedied by the use of the dog-head hammer, 
•bown in Fig. 132, whoB© face is rounded so that the effects of its blow will extend equally 
all maud the spot struck. It will be readily understood that the effects of tho blow 
delivered by the smithing, or by the twist hammer, will bo distributed as in Fig. 133, at 
ft, 6, whil e those of the dog-head will bo distributed os at Fig, 133, ©, gradually diminish¬ 
ing a* they pass outwards from the spot struck; hence the dog-head exerts the most 
equal lied effect 

Now, while the doir-head is used entirolv for mrulatmu the tension, ft mas 
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used for the same purposes as either the long cross-faced or the twist hammer, bee 
the smith operates to equalize the tension at the same time that he is taking dowr 
lumps; hence he changes from one hammer to the other in an instant, and if, i 
regulating the tension with the dog-head, he should happen to require to do i 
smithing, before regulating the tension in another, he would go 
right on with the dog-head and do the intermediate smithing 
without changing to the smithing hammer. Or, in some cases, 
he may use the long cross-face to produce a similar effect to 
that of the dog-head, by letting the blows cross each other, 
thus distributing the hammer’s effects more equally than if the 
blows all lay in one direction. 

In circular saws, which usually run at high velocity, there 
is generated a centrifugal force that is sufficient to actually 
stretch the saw and make it of larger diameter. As the outer 
edge of the saw runs at greater velocity than the eye, it 
stretches most, and therefore the equality of tension through¬ 
out the saw is destroyed, the outer surface becoming loose and 
causing the saw to wobble as it revolvQS, or to run to one side 
if one side of the timber happens to be harder than the other, 
as in the case of meeting the edge of a knot. 

The amount of looseness obviously depends upon the 
amount the saw expands from the centrifugal force, and this clearly depends upon 
speed the saw is to run at, so the saw straightener requires to know at what speed 
saw is to run, and, knowing this, he gives it more tension at the outside than at 
eye; or, in other words, while the eye is the loosest, 
the tension gradually increases towards the circum¬ 
ference, the amount of increase being such that when 
the saw is running the centrifugal force and con¬ 
sequent stretching of the saw will equalize the 
tension and cause the saw to run steadily. 

In circular saws the combinations of tight and 
loose places may be bo numerous that as the smith 
proceeds in testing with the straight-edge he marks 
them, drawing a circular mark, as at g, in Fig. 134, 
to denote loose, and the zig-zag marks to indicate tight places. 

To cite some practical examples of the principles here laid down, suppose we ha\ 
Figs. 135 and 136 a plate with a knick or bend in the edge, and as this would stiffer 
plate there, it would be called a tight place. To take this out, the hammer marks© 
be delivered on one side radiating from the top of the convexity as in Fig. 135, and or 
other as shown radiating from the other end of the concavity us in Fig. 136, the smitl 
hammer being used. This would induce a tight place at u, Fig. 135, which coul 
removed by dog-head blows delivered on Loth sides of the plate. Suppose we lu 
plate with a loose place, as at g in Fig. 137, we may take it out by long cross-face bl 
as at a and 6, delivered on both sides of the plate, or we might run tho dog-head on 
sides oi the plate, both at a and at b, the effect being in either case to stretch oul 
metal on both sides of the loose place g t and pull it out. In doing this, howevci 
shall have caused tight places at e and /, which we remove with dog-head blow 
shown. If a plate had a simple bend in it, as in Fig. 138, hammer blows would fir 
delivered on one side, as at a, and on the other side, as at b. A much more complic 
case would be a loose place at p, in Fig. 139, with tight places at h, t, k, l t for whicl 
hammer blows would be delivered as marked, and on both sides of the plate. An( 
complicated case is given in Fig. 140, g being two loose places, with tight p 
between them and on each side. In this case, the hammering with the long o 
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ta raid induce tight places at d and e, requiring hammer blows *s denoted by the 

■Ufa. 

Boss had some examples to illustrate how plainly bending a plate will show its 
hghlaadloose places. 'With a rectangular piece of plate that is loose in the middle, 

134 . 136 . 136 . 



foe etraight-edge lies flat on it; but if you try to bend the middle of the plate downwards 
*ifo jour hands, you will see that it goes down instantly, the straight-edge showing a 
hfgehollow in the middle, as in Fig. 141, the same thing occurring with the straight- 


138 . 


139 . 



^ tried on both sides of the plate. Another piece is tight in the middle, and when 
l’'* try to bend its middle downwards in precisely the same way, it comes upwards, 
*•4 the straight-edge shows it to be round as in Fig. 142. In the first case the middle 



fctiallj mores, because it is loose; in the second place the edges move, because they 
•whose. 

Withtvo circular saws, one tight md one loose at the centre, the same 
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for if you bend Iho loose one down, it goes down, leaving a wide spue® between the fj* 
of the *&\r and the straight-edge ; while ir you try to bend the middle of the tight 000 
down it refuses to go there, but goes at the outside, leaving the straight-edge resting on 
the middle. Here, again, then* the part that is loose moves the moat. Thee© example* 
are simple eases, but they impart a general knowledge of the principles involved in lk> 
skilful use of the hummer. 

fad-lead Joints.—In every case in which steam is used at a pressure exceeding Hurt 
nf the atmosphere, cither as a motive power or a heating agent, it is necessary to mak^ 
the machinery or pipiug connected therewith in many pieces, for obvious reasons, the 
chief of which is convenience in manufacture, and wherever these are joined together i» 
hold or convey steam it is necessary to make the joints steam tight. For this purpose 
there are almost innumerable methods, but wo only intend giving briefly a few nofcri 
on those in which red lead is used, which are most familiar to those connected with 
the trade of on engineer ; but notwithstanding this familiarity, nineteen out of twenty 
mechanics have very erroneous ideas on the subject, and consequently many joints mv 
the cause of much delay, trouble, and expense, which could cosily have been avoided it 
the general principles were understood. The fundamental principle of all joint-making 
is, that the thinner the joint the stronger and more durable it is. 

(a) Flat-faced joints, as pipe flanges, cylinder covers, Ac.—Each face must hare all 
the old lead removed, and then be wiped over with a piece of oily waste (boiled linseed 
oil). The lead must be thoroughly worked, either by machine or by hand, to moke it 
soft and pliable, and also to remove all grit and lumps. It should then be rolled in tiki 
hands into tbiu ropes, about | in. diameter, and kid on once round inside the bolt holts* 
The 2 faces must now bo brought together carefully, and tightened up equally all 
round, by screwing up opposite buIts, so as to avoid getting one side closer than another. 
Tarred twine, hemp, string, wire gauze, Ac., should bo studiously avoided where**? 
possible, as it prevents the faces from being brought into dose contact. Them m 
certain rough jobs where it may be permitted, but a joint so made is never s> durable, 
and very clumsy. When joints are accurately faced, by scraping or otherwise, as is 
locomotive practice, nothing but liquid red lead is used, ramie of white load mixed witii 
boiled oil to th© consistency of puiut; they are of exceptional durability. 

(ft) Joints between male and female threads, such m screwed pipes and sockets, both 
or studs screwed into boiler plates, Ac,—In these eases liquid red lead is used, std 
should be put ou the female thread for inside pressure, on the male for outside prewar* 
na then the steam io each case forces any surplus lead into the thread, and forms a mow 
reliable joint, or rather assists it; whereas, when it is applied in the reverse my,M 
generally done, tbe threads are left quite bare and clear, leaving nothing to assist flu 
joint. 

These methods, broadly speaking, apply just the same to the various composition* 
sold as substitutes for load, the chief advantages claimed for them being eheapne® ltd 
durability ; but they can never surpass, or oven equal it, if it be only used as explained 
especially if a little common sense be applied in special cases. 

liutt Joints, — 11 Bust" cement, known also as cast iron cement, and by ether tuas^ 
is used for caulking the joints of cast iron tanks, pipes, Ac. It is composed of coat ir»u 
turnings, pounded so that they will pass through a sieve of 8 meshes to the in.; to tlmm 
are added powdered sal-ammoniac, and sometimes flowers of sulphur. The ingredient* 
having been mixed are damped, and soon begin to heat. They are then again woU 
mixed and covered with water. The exact proportions of the ingredients vary, A 
simple form is ! oz. sal-ammoniac to 1 owt. iron turnings. The following are recom¬ 
mended by Molesworth:— 

Quick-setting Cement .—1 sal-ammoniac by weight; 2 flowers of sulphur; SO iron 
boring*. 

ApW-Mttfnp Cement—2 sal-ammoniac; 1 flowers of sulphur ; 200 iron borings. 
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ter rvmerit being the beat if the joint is not required for immediate uac* In 
rnr ( of &ivl«&iiMiKNaii£ tho urine of an animal may be substituted. The cement 
v\i for a long time under water. Its efficacy depends upon the expansion of the 
combining with the sal-ammoniac. The joints may bo undone by heating the 
r< dneis and jarring by hammer blows; paraffin or benzoline applied to the jmtit 
uetiroea assist. 

L—The dimituioiii of ri vets and of the plates at the joint may fco calculated by 
ne rubs m for single bolt*. If it is a joint subject to tension, os in Pig. 143* the 
re strength of the joint 
the pUt* fa the resistance 
cwwa-serliima a b and c d 
^ ami of the cross- 
a ft t and c / to shearing, 

§ a joint subject to enm- 
m* as in Fig, 144, the 
re strength is the re* 

‘j? of the section g t k to 
Rttfcrru Hence, In n tensile 
ini the sire of the rivet* 

\ t« mm small a* possible* 
lie section* of Ibe jiarta 
d u large na possible; and 
mmpresade Up joint the 
f the rivet* thou 1(1 be os large ns possible. 

up jnini is the name given to a riveted joint when the plains overlap each other, 
lingle rivet lap joint, a* in Fig. 145, the whole tensile or coinprea&Ue strain Wing 
'I amo ngst the spaces between the rivet* determine* the interval of them. And 
l.nlt; shearing strain being divided amongst the section* a h, c d 7 fta, determines 






mount of overlap. Fairboirn consider* that the atrength of such a joint under 
iq if only 0*56 of that of the solid plate of the same general cross-section*. 

11 double rivet lap joint the amount of overlap and the interval* between the rows 
rt* buth ways* and the air© of the rivets, a w all determined by the above considers* 

. md by the rules for bolts. Fig. MG show* the joint recommended by Humber for 
J* <toiiiu. 

'ijt> U” show* the joint he recommends for compressive strain*, 
pftetire the diameter of the rivet* is generally made a little more than the thiek- 
Cl f ti« pj»te, and the interval is from 2 to € times the diameter, according to the 

lll ew of the joint required. 

l^tlce in Elf Dne&j&rd at Chatham, in the construction of itou lito\pn* V* to 
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use rivets rather larger in diameter than the thickness of the plate, and at intervals fj 

2 to 4 times the diameter. Thornton states that a watertight joint oan be formed a 
single riveting at intervals of 4 diameters; doable riveting is commonly used, the £ 
row being plaoed at a distance of 

at least one diameter (of rivet) ^ ^ ^ 

from the edge of the plate, and ,_» , ' i _ 

the second row at about 3 dia- I w w w w w w 1 

meters from the first. These 

rules determine the length of \ pTTrN i 

what is called the butt-plate, or / ^ { 

fishing-piece. The rivets in tho \ O j O 

second row are placed directly / O O I O O 

opposite those in the first row, L ..- .. —.. ■ —.— 

and not diagonally opposite the 

spaoes. In all exterior plates the outer rivet-holes are countersunk and the rive 
hammered flush. 

SOLDERING. —Soldering is the art of forming joints between metallic surfac 
by the application of molten alloys. 

Solders. —Alloys employed for joining metals together are termed “ solders,” ai 
they are commonly divided into two classes: hard and Boft solders. The former fu 
only at a red heat, but soft solders fuse at comparatively low temperatures. 

One of the most easily fusible metals is an alloy of 2 parts bismuth, 1 tin, ai 
1 lead; tin is the most fusible of these three metals, melting at 455° F. (235° C. 
but this alloy melts at 199$° F. (93° C.), or a little below the boiling-point of wah 
By diminishing the quantity of bismuth in the alloy, the point of fusion msy 1 
made to vary between 212° F. (100° C.), and 329° F. (200° C.), and thus it is an eai 
matter to form a solder which shall fuse at any required temperature between the 
limits, for electrical purposes, steam-boiler plugs, &c. The following are the be 
recipes for the common solders:—For aluminium-bronze: (a) 88*88 gold, 4*68 silv< 
6*44 copper; ( b ) 54*4 gold, 27 silver, 18*6 copper, (c) Melt 20 parts of aluminia 
in a suitable crucible, and when in fusion add 80 of zinc. When the mixture 
melted, cover the surface with some tallow, and maintain in quiet fusion for sot 
time, stirring occasionally with an iron rod. Then pour into moulds, (d) 15 psi 
aluminium and 85 of zinc; (e) 12 aluminium and 88 zinc; (/) 8 aluminium ai 
92 zinc; all of these alloys are prepared as (c). The flux recommended consists 

3 parts copaiba balsam, 1 of Venetian turpentine, and a few drops of lemon-jui< 
The soldering-iron is dipped into this mixture. 

For brassioorh: (a) equal parts of copper and zinc; (6) for the finer kinds 
work, 1 part silver, 8 copper, 8 zinc. 


For copper: (a) 3 parts copper, 1 zinc; (6) 7 oopper, 3 zinc, 2 tin. 

Hard solder: 86*5 copper, 9*5 zinc, 4 tin. 

Hard solder for gold: 18 parts 18-carat gold, 10 silver, 10 pure copper. 

Hard silver solder: (a) 4 parts silver, 1 copper; (6) 2 silver, 1 brass wire; these i 
employed for fine work; the latter is the more readily fusible; (c) equal parts oopj 
and coin silver; requires higher temperature than 6, but will not “ burn,” is as fit 
as water, and makes a far sounder joint. 

Hard spelter solder: 2 parts copper; 1 zinc; this solder is used for ironwoi 
gun-metal, &c. 


For jewellers: (a) 19 parts fine silver, 10 brass, 1 copper; (6) for joining go 
24 parts gold, 2 silver, 1 copper. 

Middling hard solder: 4 parts scraps of metal to be soldered, 1 zino. 

For pewterers: (a) 2 parts bismuth, 4 lead, 3 tin; (6) 1 bismuth, 1 lead, 2 ti 
the latter is best applied to the rougher kinds of works. 
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i™* in $lon€ * 2 kad, 1 rim 

Milling tops of tanned good*: Ij lb. lead, 2 lb, tin, 2 oz. bismuth ; ihe lead 
& find, the Liu added next* and finally the bismuth stirred in well just before 
This makes a soft solder, and the cAtis do not take much heat to open them* 
voider: l lead. 2 tin* 

wider for joining electrotype pin tea: G7 parts lead* S3 tin, 
ideal; 19 purl* silver, 3 copper, 1 zioa 
It until iron -■ 7 lead, I tin. 

following table exhibits the composition and characters of a number of 


Nmroe, 


Hubers' cnarae Holder 
» sealed „ 

* fine „ 
mers* solder .. .* 

„ fine solder 

rd eolder for copper, Him, iron 

I n ii ii ti i» 

i * 11 * If II w I 

fare fusible than 0 or 7 / 

nl solder for copper, brass, iron 
fer solder for jewellers 

.plating 

, m ** salver, brass, iron 

i »• „ steel joints 

i ,, *. more fusible 

Id solder. 

i solder 


CompotJiimi. 


Tin 1, Leads 

1 n 2 - 

1 n 1 

H „ i .. 

2 tt 1 - 

Copper 2 f zinc I ., 

Good tough b mm 5, zinc 1 

Copper 1, zinc 1 

Good tough pinto brass .. 
Stiver 19, copper 1, brass 1 

lt 2, brass l 

* 1 !» 1 -* 

* 19, copper 1, brass 1 

* 5, brass 5* zinc 5 .. 
Gold 12, silver % copper 4 
Lead 4, t!n 4, bumutli 1 


R 800 F, (427 G) 
It 441 F. (227 C,) 
It 370 F. (1R8 C,> 
K or Z 334 F.{168 G) 
[R or Z 340 F.(171 G) 
B 
B 


wierers* solder 


3 

2 

l 

5 

3 


Fi lit. 


Flu*kg point 


B 
B 
1) 
B 
B 
B 
B 
R or 
R nr 
R or 
li or 
R or 
R or 


Z 320 F. (I GO G.) 
Z 310 F. (154 C) 
Z 292 F. (144 C ) 
Z 230 F. (113 G) 
Z 202 F. (94 C.) 
% 


Abbreviations^: R, Rosin ; B, Eomx j Z, Zino Chloride, 


image may be taken of the different degrees of fusibility of the solders in the 
njake several joint* in the same piece of work. Thus, if the first joint has 
ale with tine tinnera* wider, there would bo no danger of melting it in 
a joint near it with bismuth solder No. 16, and the melting-point of both 
rough removed from No. 19 to be in no danger of fusion during the usu of 
der. Soft solders do not make mall table joints. To join brass, copper, or 
fui to have the Joint very strong and mall cable, hard solder must be used. For 
[•os** No, 12 will be found excellent; though for iron, copper, or very infusible 
•thing *s better than silver coin, rolled out thin, which may be done by any 
it h or dentist. This makes decidedly the toughest or all joints, and, a* a 
var goes a long way, it is not very expensive- To obtain hard Bolder* of 
nun position, they are generally granulated by pouring them into water through 
mom, Sometimes they are cast in solid masse*, and reduced to powder by 
Noa J6, II, 12, 13, 14 and 15 are generally rolled into thin plates, and some- 
i toft solders, especially No. 21, are rolled into sheet*, and cut into narrow strips, 
c v«^ry convenient for small work that is to be heated by lamp. Hard Holder*, 
. \ and 9, are usually reduced to powder* either by granulation or filing, nud then- 
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spread along the joints after being mixed with borax which has been fiued and powdered 
It is not necessary that the grains of solder should be placed between the pieces Id b» 
joined, as with the aid of the borax they will sweat into the joint as soon as fusion taka 
place. The best solder for platinum is fine gold. The joint is not only very infusible, 
but is not easily acted upon by common agents. For German silver joints, No. 14 is 
excellent. 

When brass is soldered with soft solder, the difference in colour is so marked as Id 
direct attention to the spot mended. The following method of colonring soft solder ii 
given by the MetalUirbeiter: First prepare a saturated solution of copper sulphate 
(bluestone) in water, and apply some of this on the end of a stick to the solder. Os 
touching it with a steel or iron wire it becomes coppered, and by repeating the 
experiment the deposit of copper may be made thicker and darker. To give the soUb 
a yellower colour, mix 1 part of a saturated solution of zinc sulphate with 2 of copper 
sulphate, apply this to the coppered spot, and rub it with a zinc rod. The colour cn 
be still further improved by applying gilt powder and polishing. On gold jewelry or 
coloured gold, the solder is first coppered as above, then a thin coat of gum or isinglai 
solution is applied, and bronze powder is dusted over it, which can be polished after the 
gum is dry, and made very smooth and brilliant; or the article may be electroplated 
with gold, and then it will all have the same colour. On silverware, the coppered spots 
of solder are rubbed with silvering powder, or polished with the brush and then oareNly 
scratched with the scratch-brush, then finally polished. 

Burning, or Autogenous Soldering.—The process of uniting two or man 
pieces of metal by partial fusion is called “ burning.” This operation differs from the 
ordinary soldering, in the fact that the uniting or intermediate metal is the nine si 
those to be joined, and generally no flux is used, but the metals are simply brought 
almost to the fu&ing-)K>int and united. Tho process of burning is, in many cases, of 
great importance; when the operation is successfully performed, tho work is stronger 
than when soldered, for all parts of it are alike, and will expand and oontreot evenly 
when heated, while solders often expand and contract more or less than the metals which 
they unite, and this uneven contraction and expansion of the metal and solder often 
tears the joint apart; another objection to soldering is that the solders oxidize eith* 
more or less freely than the met&ls, and weaken the joints, as is the case if leaden vendi 
or chambers for sulphuric acid are soldered with tin, the tin, being so much more freely 
dissolved by the acid than the lead, soon weakens or opens the joints. 

Fine work in pewter is generally burned together at the corners or sharp angles 
where it cannot be soldered fr >m the inside; this is dono that there may be no difference 
of colour in the external surf&oc of the work. In this operation, a piece or strip of the 
same pewter is laid on the parts to be united, and the whole is melted together with a 
largo soldering-iron or copper bit, heated almost to redness; the superfluous metal is then j 
dressed off, and leaves the surfaces thoroughly united, without any visible joint. In I 
burning together pewter or any of tho very fusible metals, great care is required to avoid 1 
melting and spoiling tho work. 

Castings of brass arc often united by burning. In this operation, the ends of the 
2 pieces to be united are filed or scraped, so as to remove the outside surface or scale; 
they are then embedded in a Band mould in their proper position, and a shallow or open 
space is left around the joint or ends of the castings ; 30 or 40 lb. of melted brass are 
then poured on to the joint, and the surplus metal is allowed to escape through a 
flow-gate. In this way 2 castings may be united so that they are as solid as if they had 
been cast in one piece. This process is resorted to by all brass founders in making bugs 
nnd light castings, such as wheels, large circular rims, &c.; when too largo to be run in 
one piece, they are usually cast in segments and united by burning together. 

Cast iron is often united by burning together, or, more properly, burning on, for in 
this case one of the metals added or united is in the fluid state. When about to bum 
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to ft piece of casting, the part to b© united to is temped or filed perfectly clean, and 
m then embedded in sand, and a mould of the desired shape is formed around the 
resting; the metal is then poured into the mould, and allowed to escape through a 
flow-gate troll J the surface of the costing is melted, and the metals unite* the flame 
a* tn burning together bra=is cast in gs. In this war, small pieces that have broken oft 
kr^e tastings are burned on, and cylinders that have had part of the flanges torn off by 
hi wing out U*e heads are repaired by burning on a new flange or the part Ihat has been 
km off. In burning on to east iron there are several very important points that must 
he uittrred in order to make it a success. The ingate, ns well as the flow-gate, should 
hr nude of a good size, so that the molten metal may be flowed through them rapidly 
if T*cc*aajy, The molten iron used should be the hottest that can be procured, and 
a pouring it into the g.ite it should be let in rapidly at first, and allowed to run out 
My st the flow-gate, so as to prevent its being chilled upon the surface of the casting. 
Iter the casting has been heated in this way, the metal should bo poured and flowed 
tbroogh the galea slowly, so as to give the solid metal a chance to melt and unite with 
tte Until metal. After the surface of ihe mttal hna been melted, tho {touring should 
be urged, to &s to unite the mi inis more thoroughly ; the operation should be continued 
far lame time, so that the cm ting may be more thoroughly heated, and not be so liable to 

I rwd from uneven expansion and ah rink ace. 

The process of burning together or mending ia often resorted to by stove-pl ato 
J Kflldm for stopping small boles in the plates; this is dune by laying the plat-j on 
I I hi mad, with the sand firmly tucked under the part to be mended ; a little sand is also 
pit mi top of the plate, around the part to be mended, so ns to prevent the iron spre od- 
I ingcvtr the piste; the molten iron is poured on the part to lie mended, until the edges 
| iHi fused, and the surplus metal is then scraped off with the trowel or a clamp iron 
tMk in the molten state. 

Tho *iinpleflt method of burning la that adopted in the manufacture of louden tubs, 
tmk% and other vessels, the success of the operation depending more upon the 
I <juintitj and state of the materials than upon the skill of the workman. Thus if a 
twnd uf square tank is required, a piece of the sheet lead sufficient in size to form the 
■ j™ Mid ends of the tank, or the hoop, if a round one, is bent into shape, the over- 
lading end* being secured by a few touches of solder or a few nails, driven from tho 
ImAr, no as to keep the over lapping edges perfectly close. On the outside of the joint a 
pro if itout brown paper is pasted, so ns to cover the whole of the joint. The hoop | 
<*l*/ti to be joined, arc then turned downwards on to the casting floor, nud moulding 
■od^f good quality U packed over the joint to about 5 or *> in. in depth, a piece of 
*rjr,j j in, thick being placet! over the junction of tho edges, while the sand Is 
^ig rammed together. This wood is to form the runner or channel for the molten 
sad must bo ■lightly longer than tiro joint to bo made, bo that it can bo drawn 
lengthways. The sand being tolerably firm, cut down to the wood, with a trowel, 
tuning* tott of V-shaped groove along nearly the whole length of the intended joint, 

1 ha nag a few inches of tho wood buried at one end, which is also to be completely 
Hum the wood is drawn out, which is the next operation, the other end if 
fee runner* is to lie stopped up to a greater or lesser height, according to the 
ftfcitnemof the melal; about 1 in. is usually sufficient It will be understood that wo 
b’t!i*r% a* it were, a broad-m^thed ditch in the Bund, stopped at one end, and with a 
*tar" r I m. deep at the other ; and at die l>ottom are the overlapping edges of the lead 
^ ii to be joined. A quantity of lead is then melted iu a furnace, and brought 
»tiat sufficient to melt the 2 edges in the metal to be joined. Everything being 
ft taulhvi as, a small quantity of robin is dusted atong the Intended joint at tlin bottom 
*4 tb« rtmncr. and a bay is formed to catch the overflow of metal. The latter is then 
t*uro«l tn »u*dily bat quickly, giving it as much fall as possible, and keeping up tho 
tupply Ufi by means of a trying stick it is known that the cold metal of the Wi 
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been melted. The overflow end is then stopped up, and more metal is poured m, 
the molten lead being kept ready to fill up as shrinkage shows italf. When set the 
sand is removed, and the “ runner,” or the remains of the metal poured on the joint» 
cut off with a chisel and mallet; the surface is finished off with a scratch-brush or 
wire-card. The paper that wus pasted over the outside will have fallen off, and will 
be seen to have left a smooth surface, in which no trace of a join is visible. The seeict 
of success lies in having a good bed of sand, plenty of hot metal, and careful attention 
to the shrinkage. The bottom of the tab or tank is put in by a similar proeetL 
The hoop or sides, when the tank is not too deep, being completely sank in a hole 
in the casting-shop, is filled up with sand inside and out. The sand is then removed 
from the inside to a depth equal to the thickness required in the bottom of the task, 
and smoothed over well with the tiowel. The sand outside the tank must be rammed 
hard, and a bay left all round to take the overflow. As before, rosin is sprinkled over 
the edge of the metal, and the melting-furnace is brought close to the work. When the 
metal is as hot ns possible, 2 or more men tuke a ladleful and pour along the edge, and 
when the latter is melted, the molten metal is poured in until it is up to and running 
over the level of the outside sand all round. The dross is then skimmed off and the 
metal is left to cool, as it shrinks equally all over and requires no further attention. 
It is obvious that instead of making the bottom by pouring on molten metal, a piece of 
the required size can be cut out of thinner sheet lead, and placed on the top of the 
inside sand; but the majority of experienced workmen prefer the first-mentioned method 
of burning in a bottom. If the urticle is of considerable size, however, it is necessary 
to have more than one workman, ns the metal must be poured on ns quickly as possible. 

This method of lead-burning is considerably troublesome, and is rarely used, except 
when the lend is too thick to be molted conveniently by means of the blowpipe, or the 
oxyhydrogen flame. The latter is, however, always used when possible by those who 
can accomplish the operation, which requires a much greater degree of skill than the 
process described above. 

Similar processes are applicable in the case of the other metals. Thus brass may be 
burned together by placing the parts to be joined in a sand mould, and pourings 
quantity of molten brass on them, afterwards reducing the parts by means of the file, 
Ac., to proper dimensions. The sine qua non is plenty of molten metal, made a 
trifle hotter than usual. Pewter is generally “ burned ” by the blowpipe or a very 
hot copper-bir. In angles, where bent over sharp comers, and in seams, one edge ii 
allowed to stand over the surface of the other, and a strip of tho same metal is then 
laid along the intended junction. This joint is burned, as mentioned, by melting the 
surfaces and edges by means of a blowpipe or the hot soldering-iron, and the super¬ 
fluous metal is filed off, leaving the joint, if at an angle, looking as if it had been 
made out of the solid. The principle of the process is tho same whatever be the mode 
in which it is performed; and when hot metal is used as the sole agent of heat, it is 
necessary to have plenty of it, and to see that tho parts to be joined are clean. It ii 
scarcely necessary to say that the autogenous method is tho only proper method of 
remedying the defects in castings, and notwithstanding tho trouble attached to it, 
should always be attempted with all metals for which it is applicable, and all articles 
in which it is possible. It is not to be supposed that trifling defects in iron castings 
will be remedied by this means, though there is no very great difficulty in accomplishing 
it, as flanges aro often burned on to pipes and wheels, but with the more costly or easily 
worked metals, the practice of this process would be attended with advantage. 

Dr. Hoffman suggests endeavours being made to employ tho oxyhydrogen flame fof 
effecting autogenous joints in all metals. The operation is already conducted with 
complete success in the case of 2 essentially different metals, lead and platinum, sod 
offers the advantages of being cleaner, stronger, and more economical of time and 
materials. 
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or all leaden vessels and chambers to be used in contact with acid vapours or liquids, 
genoas soldering is the only admissible way of making a joint. The apparatus 
eyed consists of a hydrogen gas generator, or “ burning machine/’ as it is commonly 
d, an * air vessel ” or portable bellows, Foroe indiarubber tubing, and a set of gas- 
s and jets. The hydrogen generator is shown in Fig. 148: a is an airtight leaden 
eid, having a perforated shelf b , and an opening c in the top; d is another leaden 
era with a perforated shelf e. A pipe/ connects the cisterns a d, passing through a 


148 . 



’bis the shelf 6, which it just perforates. The hinged cover g being turned Lack, 
* is filled with sheet zinc cuttings, and the cover is closed. Diluted oil of 
»y 1 qt of the acid to 1 gal. water, is poured iuto tho cistern d , and finds its 
tferoogh the pipe / into the bottom of the cistern a, rising through the strainer b, 
dsamading the zinc. The acid sets upon the zinc, forming zinc sulphate, 
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consequent liberation of hydrogen. As the hydrogen gas is set free, it pannon throng 
cock and pipe h into the leaden vessel i, partially filled with water, and, passing thi 
the water, it becomes purified, and escapes at the pipe k; ro is the pipe through ? 
the generator is emptied of acid when the gas is no longer required. The vessel i 
be removed from its place by unscrewing the nut close to the cock on the pipe h 



may be filled with water or emptied through the pipe n. The pipes 
m and n are plugged with corks; o are short pieces of pipe supporting 
the shelf 6, to which they ore attached. 

The air vessel consists simply of a woo len cask open at the top, 
containing a cylinder of zinc, with a closed top, having a hole and 
cover in the centre, as shown in Fig. 149, which is drawn on o scale 
of } in. = 1 ft The cask a is partially filled with water, the cover b 
(which is coated underneath with sheet indiorubber to make it shut 


161 . 



close) is opened, the cylinder o is raised, and the cover is closed again, preventing 
escape of air from the cylinder except through the small pipe d. A weight e is pi 
on the top of the cylinder, to keep the cover b firmly closed, and give force tc 
current of air issuing from d, the weight being conveniently represented by a j 
l<wt. 9 according to the pressure of air required. 
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* MiOWUowa, Fig, 150, is sometimes used by plumbers for obtaining a supply of 
It is more portable than the air vessel, but cannot be used without an assistant to 

kit. 

iadiarnbber tubes a h (Fig, 151) connect the gas generator and air vessel or bellows 
h ■ pub of bms* cocks and breecbos-pipe c. The gus and uir,being admitted through 
tycks, unite m the tube d> ami, passing til rough the brass pipe e and jet /, may l>e 
Ubi and produce an intensely hot flame, by which leaden sheets may be joined 

thrill the aid of any flux. 

The lead to be burned must first be scraped bright, and where a strong seam is required, 
frr ice in the bottoms of chambers, strips of dean lead are run on in the manner 
ioMer. But it is essential to success that all the surfaces to be subjected to the flame 
Sochi and dry, and that no moisture be sufficiently near the scam to be drawn into it 
tfac Wt. Several jets are in use* with holes of various sixes, for procuring a large or 
adl fUme, occording to the special requirements of the work in hand; und the intensity 
the htaf ia also regulated by the proportions And quantities of gas and air admitted 
tragb the cock*. As it is imperative that the flame should not he subject to sudden 
iiliou, little brass tubes are fitted to the nozzle to guard the flame from air currents, 
tn working out of doors or in draughty places; (Look’s 1 Sulphuric Acid,') 

Cold Solder in g,-**Various nostrums have been proposed from time to time which 
lest to be reliable methods of soldering without heat; hut when tried, they have 
*:xrdlj proved useless. The following recipe, which is due to Fletcher, of Warring- 
n, will be found to bo more trustworthy. It must be borne in mind that, though the 
^preparation is tedious, a large quantity of the materials can be made at once, and the 
luil soldering process is as simple and quick m it well can be, 

Har: 1 part metallic lodium to 50 or 60 of mercury. These combine on being well 
in a bottle. If this is too much trouble, the sodium amalgam can be bought, ready 
s, frem any chemist or dealer in reagents. This sodium amalgam must be kept in a 
bottle closed from the air. It lias the property of amalgamating (equivalent 
timing by heat) any metallic surface, ca&t iron included, 

Sdiitf: Make a weak solution of copper sulphate, about 1 oz, to 1 qt, of water* 
taripitate the Wpper by rods of zinc; wash tho precipitate 2 or 3 times with hot water ; 
fka tta water off, and add, for every 3 oz, of precipitate, G oz* or 7 oz, mercury ; add 
*>* little sulphuric acid to assist the combination of the 2 metals. When combined, 
form a panto which sets intensely hard in a few hours, and this paste should be 
wle, whilst soft, into small pellets* 

W’u^a wanted for use, heat one or more of tho pellets until the mercury oozes out 
«a flic turfaoe in small bends ; shake or wipe them off, and rub tho pellet into a soft 
't> with a small mortar and pestle, or by any other convenient means* until it is as 
•tli and soft as painters’ white-lead, This, when put on n surface previously amah 
fflnkdby the sodium and mercury, adheres firmly, and sets perfectly hard in about 3 
m The joint cun be parted, if necessary, either by a hammer and cold chisel, or by 
^it abowt sufficient to melt plumbers* solder* 

Hard Soldering, —Hard soldering is the art of soldering or uniting 2 metals or 2 
xta of the same uit tal together by means of solder that is almost as hard and infusible 
the nit tils to la; united. In sonic cases, the metals to be united are heated to a high 
w* T and their surfaces simply united without Bolder by means of fluxing them. This 
h then termed brazing, and some of the hard soldering processes are also often 
iocd brazing ; both brazing and hard soldering are usually done in the open fir© on 
braziers* hearth. When soldering work of copper, iron, brass, Ac., the solder 
rally tiuod i* a fusible brass, and the work to lie soldered is prepared by filing or 
ling perfectly clean tho edges or parts to be united. The joints are then put in 
•erpo-ilion, and hound securely together with binding wire or cl amp a ■, \.\\e 
sender and powdered bortx are mixed in u cup with a very little water, &u4 apTtaA 
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aleag the joint to be united with a strip of sheet metal or a email spoon. The work U 
then placed upon a clear fire, and healed gradually to evaporate the water used fa 
uniting the solder and borax* and also to drive off the water contained in tire crystiilfeai 
borax, which causes the borax to boil up with an appearance of froth. If the work is 
heated hastily, the boiling of the borax may displace the solder, and for this reason it is* 
better to roast or boil the borax before mixing with the solder. When the borax c&MGtf 
to boil, the heat is increased ; and when the metal becomes a faint red, the borax fo? * 
quietly, like glass, and shortly after, as the heat of the metal is increased to a bright red, 
the solder also fuses, which is indicated by a small blue flame from the burning of tlio 
stiuc. Just at this time the work should bo jarred slightly by being tapped 1 ghlly with 
the poker or hammer, to put the solder in vibration and cause it to ran into the joint. 
For some work it is not necessary to tap it with the poker, for the solder is absorbed 
into the joint and nearly disappears without tapping. In order to do good work, U J 
necessary to apply the heat as uniformly as possible, so as to have the solder melt 
uniformly* This is done by moving tho work about in the fire. As soon as the work 
has been properly healed, and tho solder has Hushed, the work should be removed 
from the fire, and, after the solder has set, it may bo cooled in cold water without 
injury. 

Tubes to be soldered an* generally secured by binding wire twisted together around 
the tube with the pliers. All tubes that arc soldo red upon the open fire tiro soldered h»ia 
within, for if they were soldered from tho outside the bout would have hi be trans¬ 
mitted across tho tube with greater risk of melting the lower part of the tube, the sir in 
the tube being a bad conductor of heat; and it U necessary that both ends of the tube 
should lie open, m us to watch for the melting of the solder* In soldering long Inks* 
the work rests upon the Hat plate of tho braziers 1 hearth, and portions equal to tli* 
length of the fire are soldered in succession. The common tubes or gas-pipes *1® 
soldered or welded from the outside. This is done by beating tho tube in a long ik 
furnace, completely surrounded by hot air, by which means the tube is heated more 
uniformly than in the open fire. After the tubes have been heated to tho welding hurt 
they are taken out of the furnace, and drawn through clamps or long? to iniilfl 
the edges, and aro then run through grooved rollers 2 or d times, ant] the prose** k 
complete. The soldering or welding of iron tubes requires much leas precaution Ik 
point of the heat than some of the other metals or alloys, for there is little or no risk 
fusing if. 

In soldering light ironwork, such ns locks, hinges, &c., the work is usually covet**! 
with a thift coating of loam to prevent the iron from being scaled off by the he*t. 
Sheet iron may be soldered ;it a cherry-red heat by using iron filings and pulvermd 
borax as a solder and flux. The solder and flux are laid between the irons In k 
soldered, and the whole is bound together with binding wire, heated to redness. takt® 
from the fire, and laid upon the anvil; tho 2 irons aro united by a stroke upon the id 
hammer. Steel or heavy iron may be united in tho same way at a very low heat- Ftlf 
soldering iron, steel, and other light-coloured metals, as well as bra&swork that requifd 
to be very neatly done, the silver solder is generally used on account of its iuptrsot 
fusibility and combining so well with most metals, without gnawing or eating iw*J 
the sharp edges of the joints. Silver solder is need a great deal in the arts, and £«® 
the sparing or careful way in which it is used, most work requires little or no finish atter 
soldering, so that tho silver polder, although cxpeiisive, is in reality the cheapest polder fa 
the long run. For silver soldering, the solder is rolled into thin sheets and then cfll 
Into narrow strips with the shears. The joints or edges to be united Me first coated niN 
pnl vert zed borax, which has been previously heated or boiled to drive off the water of 
crystallization. Thu *mall strips of solder are then placed with forceps upon the edp 3 
or joints to be united, and the work is heated upon the braziers* hearth* The prices ^ 
silversoldering upon the larger scale is esaeutialVj thftumeu the operation of braifrfc 
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Fo»h*fd *ulikriji{£ Btriull work, such iw *1 rawing insI tli men te, jewellery, bultons, Sus,, tho 
Motpipe i* almost eicluiivel/ used, and the seller employed is of tlie linest or iiest 
quality, #uch m gold or silver solder, which is always drawn into thin sheets of very fine 
«ir%izvlit is Kuoetimes pulverized or granulated by tiling; but if solder is pulverized 
greater degree of beat is required to fuse a minute particle of metal than 
to faae a large piece, f 

Iq aldermg jewellery, the jeweller usually applies the borax or other 11 ux iu solution, 
riibs very small camel-hair brush. The solder is rolled into very thin sheets and then 
efippal into minute particles of any desired shape or size, w hich arc so delicately applied 
to Lb* work that it is not necessary to file or scrape tiff any portion of them, none being 
utttixaa. The borax or other flux used in tho operation is removed hy rubbing the work 
vilk a mg that has been moistened with water or dilute acids. 

Soft Soldering.—Soft soldoring is the art of soldering or uniting 2 of the fusible 
bttils or 2 pieces of the same metal. The solder used is a more soft aud fudble alloy 
N*au Hit* metals united, and the mode of applying the heat is consequently different from 
OiU employed in hard soldering, The soft elders are prepared in different forms to suit 
dg different classes of work for which they are intended. Thus for tin soldering,, the 
filtT is cast into bare of 10 or 12 in, long by I in, wide, and by some it is cast into 
10 or 1*2 in. long by 3 or 4 in. wide. Plumbers 1 solder is generally cost iuto small 
L&r-ti or cakes, 2 in. square or more, according to the work for which they are intended, 
“<i dze of pot they are to be melted in. Some of tho very fusible soldi re that lire 
tatined for very light work are trailed from tlio ladle Upon an iron plate, so as to draw 
lb' *4der iuto thin or large bars, so that the size of the solder may always suit the woik 
tiul U is used upon. 

la soft soldering, it is very essential that the parts to be united should be perfectly 
dewa and free from metallic oxides, and for this reason they are generally wet with a 
M* iipc chloride before applying the solder ; and when the metal is old or very dirty, 

11 Puq«t Ih? scraped on the edges intended to be united before applying the snider, 
WLn sable ling leaden pipe, sheet lead, &C., the plumber first smears a mixture of size 
Uul lampblack around the intended joint to prevent the melted solder adhering lo the 
i»til at the point where it is not wanted. The parts to lie united are then acre pod 
H r nto eWn with the shave-book, and the dean metal is rublx?d over with tallow. The 
*i|N?d joint® are usually made without using the soldering-irem. The solder is heated 
to ito | ilmnhere 1 pot mther beyond its melting-point, and poured plentifully upon the 
jiut to beat it. The solder is then moulded into the proper shape, and smoothed with 
doth or several folds of thick bed-ticking, which is well greased to prevent burning, 
M tin- surplus adder hi removed by the cloth. In forming the striped joint, the 
• i‘U jitig-iruii and cloth aro both used at the commencement in moulding the solder aud 
tasting the joint. Less solder is poured on when forming this joint than when forming 
tta vjjjed joint, and a smaller quantity remains upon the work. Striped joints axe not 
« a it in ftppeanmee aa wiped joints, but they are often claimed to he sounder, from 
*«* fabler having been left undisturbed when in the act of cooling; but in wiped joints, 
Ut tody of solder is heavier, and the shrinkage of it around the pipe is sufficient to 
with the pipe. In farming joints in leaden pipe, tho cloth is always used to support 
kit fiaid snider when poured on the pipe, 

light 1 c*d work that require® more neatness than the ordinary plumbing Is usually 
tilik-red with the common tinners 1 solderingdreu. This is made of a square piece of 
weighing 3 or 4 oz, to 3 nr 4 lb., according to the size of the work it ii intended 
tor This piece of capper is drawn down to a long square point, or to a flat w edge, and 1® 
nFeted into an iron shank fitted to a wooden handle. The copper bit or soldering-iron 
n U,mj heated in the tinners* firepot with charcoal to dull redness, aud is men screwed 
in the vice and hastily filed to a clean metallic surface. It la next rubbed with a \Awvs 
ml-amruoniee* or on some powdered ravin, and then upon a few drops of Bolder m Hi* 
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bottom a! the soldering-pan. la this way the soldering-iron is thoroughly coated with 
tin, and is then ready for use, In soldering tin-plate work, the edges are slightly 
lapped over each other, and the joint or team is strewed with powdered roeiu, wliich is 
usually contained in n small box sot in the soldering-pan. The soldering-iron, nlddi 
has been heated in the firepot, ia then drawn over the cake of solder; a few drop* 
are molted and adhere to the soldering-iron, and are distributed by it along the joint or 
seem. In large work, the seams are l3r.it lacked together, or united by drops of solder 
so as to hold the scams in proper position while being soldered; but this is stilto 
done in small work, which can be easily held to go I her with the hands. Two soldering 
tools are generally employed, so that while one ii being used for soldering, tlie other ii 
being reheated in the repot, thus avoiding the delay of waiting for the tool to best. 
The temperature of the tool is very important: if it is not hot enough to melt the solder, 
it mudt be returned to the lire; and if it gets too hot, tho tinning will be burnt «fl, 
the solder will not hang to it, and the tool must be m tinned before it can be used. In 
soldering tinware, the tool is usually passed only one© oyer the work, being guided 
by tho contact with the fold or ledge of the Benin: but when the operator is sot Mi 
expert, be usually runs the tool backward and forward over the work 2 or 3 times. Th*H 
makes slow work. 

Sheet copper, iu common work, is soldered with the soldering-iron in tho 
manner as sheet tin* but the finer or more important work is brazed or hard soldered* 

In soft soldering copper, as well as sheet iron, the flux generally used ispowdered 
su I-ammoniac, or a solution of sal-ammoniac and water. A piece nf cane, the end t'f 
which is split into filaments to make a stubby brush, is used for laying the solution on 
the work, and powdered rosin ia subsequently applied. Some workmen mix the powdered 
sal-ammaniac and main together before applying it to the work. This they claim U 
better tlum putting them on separately; but so long as the metals are well defended 
from oxidation, either of the modes is equally good, for the general principle h lb 11 
samo in both. Zinc U the most difficult metal to solder, and I he joints or seams in* 
seldom so neatly formed as in tin or copper. Zinc will remove the coating of tin 
the soldering tool in a very short time. This arises from the superior affinity of oupI A ' r 
for Bine than for tin, and the surface of the tool is frond from tin, and is coated with 
zinc. Snl*ammomac is sometimes used for a flux in soldering zinc, but the 
common flux employed for zinc is zinc chloride, which Is mndu by dissolving fragment* 
of sduo In hydrochloric acid diluted with about an equal amount of w ater. This solution 
is put in a wide-mouthed bottle, and small strips of zinc are drop|i©d into it tmtu 
they cease to be dissolved. The solution is then ready for use ; it is Likewise mortal 
to for almost till the other metals, as it can ho employed without such strict neoea&itf 
for clean surfaces as when some of the other fluxes are * railed of. 

In soft soldering, the soldering-iron is only used for thin sheet metals, became* 
in order to unite 2 metals by soldering, their temperature must be raised to tho melting* 
point of the solder, and n heavy body of metid cannot lie sufficiently heated with the 
soldering-iron without making the hitter too hot, which is apt to bum off Ihe coating 
of tin, or to cause it to be absorbed by the copper, as in superficial alloying! and the solder 
will not adhere to the tool, and cannot be spread along the joint by it. In soft soldering 
heavy work, the work ia first filed or serajied perfectly clean at the points to be soldered,fitid 
is dipped into a bath of liquid solder, which ia covered with a little melted sal-atnmcniiw? 
to prevent oxidation, and also to act as a flux for uniting the metals. In dipping 
the work into tho bath, it first comes into contact with tho flux, and is coated by it 
before it is subjected to the heat; when dipped into tho solder, the tin readily adhere* 
to it; End after heavy pieces of metal have been tinned in this way. or by the process of 
dry-tinning with mercury, they may bo soldered with the soldering-iron. Wheu tinaing' 
thin pieces of brass or copper alloys for soldering, it is usually done by rubbing a fr#' 
thv/ui of £o)der over the part to be tinned with the soldering-iron; and if tinned b f 
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upping into 5 Kith* it must he quickly dipped, or there ie a risk of the thin shoest l»eing 
ladled by the Bolder, When tinning iron ur ateel, the work inuit be allowed to remain 
iti the bath, for some time, so as to he thoroughly heated by the bath, or the tin will 
uot be completely united to the iron or steel, and may peel off when cold* Largo pieces 
rf iron or tied that are inconvenient to dip into a hath are tinned by heating in an 
I'pen fire, and rubbing the Bolder on with the (soldoring'iron* u^ing either s&bammonjiic 
or man &i a dux. When tinning iu Ibis way, the lowest heat that will fuse the Bolder 
iiraM be u«xL 

Hard Bolder differs from soft Bolder in that the M Lard r * is an alloy of silver and brass, 
»I£U the * soft" u of bismuth, lend, Ac.; the mode of working differs also* With hard 
*‘T , ldrr + nn intense and glowing heat is absolutely necessary to cause fusion of the metals, 
bat iftth soft solder a comparatively low heat will suffice. It must be evident that by 
lie former mode, where fusion takes place, there is a more complete union made than 
by the Ulti r, where there is little more than cohesion* The latter mode of repairing 
hu* however, these advantages, that as many articles are built up, so to speak* of pieces* 
tod m aich ways that only experienced workmen can handle them satisfactorily, the 
toafeor may attempt repairing them with greater confidence and assurance of success, 
M, he has no need to provide himself with a variety of chemicals, for the purpose of 
tarring the colour to the article that has been rendered unsightly by the heat. Apart 
from these advantages there are others, as soft soldering may be accomplished by the 
Mstptpo, the soldering 11 bit, 11 or actual contact with the flame. Preference is given to 
nr.' method by one worker, to another by another: no absolute rule can be laid down ♦ 
ill throe modes can be used oh the necessities of the work in hand may require. 
h*: i, ■b*Jmt*otmc, solution of hydrochloric acid and zinc, and in some cases fats, are 
tod««a flux* Generally speaking, hydrochloric acid (spirits of sails) killed by zinc will 
lEstir nil purposes: to moke the solution, procure a penny worth of spirits of salts, and 
J'U.- it in an open glass or glazed earthenware vessel; and having a number of small 
I'iww of zinc, throw in a few. As they become consumed, throw in more until all 
denka] action has ceased. Bo soon os the zinc is put in, a violent action commences, 
«4rt ti well to set the vessel down, as it becomes intensely hot, and omits a pungent 
upmir which it is wise not to inhale* When all turbulence has ceased, strain off the 
rim liquid and add twice its quantity of clour water, decanting all into a stoppered 
w todi-corked bottle* A piece or two of zinc may In? dropped in to kill any remaining 
tdlx A Isolde ring hit may be made by taking a piece of stout brass wire, eny, rather 
tliijaaer than a common wood penholder, and about 6 in. long, and hammering one 
nd into the form of an abrupt spear-point; inserting the other into u wooden handle* 
^4dar of a pure and easy*flowing kind should bo procured; preference being given 
to that told by dealers in jewellers’ requisites. A pair of twee zers or long slender 
ftftw* should also be got. Armed with these, no fear of burnt fingers need be 
flMliid. 

As an example to illustrate tlio operation, we may take the movable top of a nilver- 
I'hted candlestick. It often happens that a too-low burning candle molts the Bidder 
'nr fmm the connections. To repair thu, carefully remove all dirt and grease from 
Ike ports in contact, and scrape them bright with a knife or other tool. Then take 
Ik- ■ Mr and file the end clean : dip it in the zinc solution, and, holding the ufterpart 
k the gas flume, run a little solder all over the tip to ** tin 11 it. Next, run a bead of 
alder on the end; then* taking either part of the broken top in the tweezers, apply, 
to mean* of a peg or piece of brass wire, a little of the solution lo the part where 
Ike wilder jit required. Proceed hi warm the metal top in the edge of the flame* at the 
to&e time holding the * bit w obliqoely in the gas and in contact with the top. The 
*d<l«T «rill quickly melt, and attach to it, and whilst in a molten state must be thinly 
•Ihtribtrted all round on that part only which has to be connected vridv tVe ascVeV, 
Tbi* ks to t» ** tinned "in the same way* This done, lay imide the ** h\V VaYfc 
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tiWpipe. Holding the (op inverted, place the socket in its position, and after putting 
a Httlu more solution la the parts, direct a matt flame all round the joint, turaliqr Hw 
article iklNiut to do this. If the top has an ornamental filled edge to it 4 keep the hrat 
ns much, us possible away from that part, or the filling, which id only lead or solder, 
will run oat. A sufficient heat having been got, the solder, at the points of cuitteet, 
will melt and run together. When it has ran all round, press the socket gently down, 
and hold until tlie solder is seen to " wet/' and the union ia then completed. 0»1, 
and swill in water. If there is un excess of solder, and it has ran out into a toad h 
sharp knife-edge will detach it, and an oiled leather buff will remove the itaio, A 
little denning with rouge will finish the work. Experience only in these mutters tnwhci 
one how much or how little solder ia required: use too little rather than too much «1 
first. Do net let the solution spatter upon* or come in contact with, or vaporise near to 
steel tools, or they will soon have a coaling of rust upon them. 

Generali ties,—(a) Jppuratait. Blowpipes and Lamps.—The blowpipe and *n 
alcohol lamp am largely used b hard soldering, tempering small tools, and by chemist* 
and mineralogist* a* an important means of analysis, Ac., and for these uses tli* 
blowpipe ha* received very great attention, both from mechanic* and distinguish^ 
philosophers. Mott of the final! blowpipes ore supplied with air from the lungs of llw 
operator, and the larger one*, or where they are brought into general use, are supplied 
with air from a bellows moved with the foot, or from a vessel in which the air hat Wn 
condensed by a syringe, or from n small rotary fan. The ordinary blowpipe is A light 
braes or tin tube about 10 or 12 in, long, and § to } in. in diameter at the end forth® 
mouth and fa In. or less at the jet end. The small end is slightly curved, so that flit 
flame may be thrown immediately under tho observation of the operator. Thera m 
several other kinds of blowpipe fur the mouth, which are filled with various contrivances, 
such as a series of apertures of different diameters, joints for portability and for ptaing 
tho jot at different angina, and with a ball for collecting the condensed vapour hum 
the lungs; but none of these is in common use. The blowpipe may be supplied mth. 
air from the lungs with much more effect than might be expected, end, with a little 
practice, a constant stream can be maintained for several minutes if the cheeks of flw 
operator are kept fully distended with wind, so that their elasticity alone will serve to 
impel a part of the air, while the ordinary breathing is carried on through the hob Irik 
for a fresh supply* 

The heat created by tho blowpipe ia so intense that fragments of almost all the 
metals may be melted when they ere supported upon charcoal, with the heat from t 
common tallow or wax candle. The most intense heat from the blowpipe is the pointed 
flame, and the hottest part of the flame is the extreme point of the inner or blue flame. 
Large particles of ore or metals that require less hint are held somewhat nearer In 
candle or lamp, so as to receive a greater portion of the flame, and when a very mild 
degree of beat is wanted on a small piece of metal it is held farther aw ay. By thus 
increasing or decreasing the distance between the candle or lamp and the object to be 
melted, any desirable degree of heat may be obtained. When only u minute portion cf 
metal is to be heated, the pointed flame is used with a mild blast; hut when it isdeuif- 
able to beat a large surface of metal, as in soldering and brazing, a much larger florae 
is used. This is produced by using a lamp with a large wick, plentifully supplied with 
oil, which prod wees a large flame. The blowpipe used has a larger opening than the 
one employed for the pointed flame, and is held at a little distance from tho flame and 
blown vigorously, bo as to spread it out over a large surface of the work. This is called 
the bush or sheet flume. Tho work to be brazed or soldered by this flame is generally 
supported upon charcoal. 

When melting metals with tho blowpipe, the metal to bo melted h laid upon a flat 
piece of charcoal, which lias previously been scooped out slighly hollow in the centre to 
prevent the metal from running off when melted. If it is desirable to run the metal into 
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a mould when melted, a small groove or lip is out in the charcoal, and when the metal 
ii sufficiently heated it is poured into the mould. In this way, jewellers melt most of 
their gold, silver, &c., when making rings and other jewellery. The cupel is also used 
for melting metals in with the blowpipe, but it is not so good as the charcoal, for it is 
liable to break from being heated unevenly, and spill the metals. Several different 
kinds of stationary or bench blowpipes are used by jewellers, braziers, &c. 

Two examples of the 

15i 1&3. mouth blowpipe are shown 

in Fig. 152, the form a 
having a movable nozzle 
which may be screwed on 
and off, thus admitting of 
the use of a jet with the 


& 


dJ3 




IP 




““rt suitable sized orifice. Tho flange b is convenient for holding the blowpipe in the 
mouth. 

lamps or their equivalents show a variety of forms. Tho most primitivo yet 
e ffident method of obtaining a flame is to tie a bundle of dry reeds, ooated with tallow 


156 . 



156 . 



bj immersion in melted suet, in a paper wrapper, and stick it in a hole in a piece of 
ss in Fig. 153. Spirit lamps differ according to the material burned in \bem and. 
degree of heat required from them. A handy little lamp for delicate objects \a 
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shown in Fig. 154. One made by Griffin for horning a mixture of wood spirit and tur¬ 
pentine (4 volumes to 1) is illustrated in Fig. 155. Fletcher’s lamp (Fig. 156) for the 
same mixture has the spout made large enough to accommodate 5 or 6 folds of 1-in. 
soft cotton wick. All these lamps should be capped when not in use. Figs. 157 and 158 



represent respectively the fixed and adjustable forms of the patent self-aoting soldering 
lamps with blowpipes attached. Fig. 159 is a Bunsen gas-burner. 

Blowers.—When the work exceeds the capacity of the mouth blowpipe! or when it 
is too continuous to be done with the mouth alone, a mechanical blower must be used, 


and the selection of this to suit the work required is a matter 
of considerable importance. The temperature of a given flame, 
the fuel combustion being equal, is greater in inverse proportion 
to its size. Tho smaller a flame becomes when the air blast is 
applied, the hotter it is, and the more work it will do, provided 
the air is not supplied in excessive quantity. Other things 
being equal, a high-pressure blast gives the most powerful 



169 . 



flame, and the pressure of the air supplied is therefore a matter of serious importance. 
An average adult can, with an effort, give an air pressure in a blowpipe equal to about 
3G in. of water pressure, or 1J lb. on the sq. in. The average pressure'is, however, about 
half this, or rather less, the maximum being only obtained by a severe strain, which 
cannot be continued. A fan worked by tho foot will give an air pressure equal to 
about $ to 1 in. of water. A fan worked by power will give air at 1 to 5 in. of water 
pressure, depending on its speed and construction. An average smiths* bellows about 
5 in. pressure. Small heavily-weighted circular bellows about 8 to 10 in. pressure* 
Boot's blower driven by power, 24 in. pressure. Fletcher's foot blower No. 2, 15 in* 
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re* Fletcher's foot blower Nos. 3 and 5, 30 in. pressure. Fletcher's foot blower 
45 ia, pressure- Cotton and Johnson's foot blower (variable), 5 to 20 in* pressure, 
ie temperature of a blowpipe flame may be estimated from the above, being ia 
proportion to the pressure of air supplied, and it may be taken as a rough rule in 
g or bard soldering with gas, that, given an air pressure equal to 15 in. of water, 
■pipe* having an air jet of j-iu* bore, will braze work up to § lb. total weight, 
rith an air jet of J4u. bore will braze up to about 2 lb, total weight, i. e. 2 brass 
ts> each 1 lb. t could be securely brazed together with a blowpipe with J-in* boro 
t, and supplied with nir at a pressure equal to 15 in. of water, or 10 oz. on tli« 
. It will, of tviunte, be remembered that the areas given are those of the air jot or 
at which the blast loaves the blowpipe, and the area of the gas supply is that of 
woo between the air tube and the gas tube outside it. The area of laps and pipes 
ppty these must, of course, be larger, to prevent friction as much as possible, 
i anything like a high power is required, it is of the first necessity that any elastic 
rlble tube used shall bo perfectly smooth inside. A length of 6 or 8 ft, of india- 
t tube, with wire inside, will reduce a gas supply or a pressure of blast to about 
alf. Traetically this amounts to requiring apparatus double the size for the same 
and it therefore does not pay to use rough tubing. Applying the rule to other 
a of work, it may bo taken that a blowpipe which will braze a block of 2 lb, total 
it, when the work is supported on a good non-conductor, will braze brass plate up 
n. or ^ in. thick. Its capability of brazing iron is not to great, as iron does not 
up the heat of the blowpipe bo readily as brass does. When the blowpipe is 
eiuented by either ft bed of burning ookc or by a non-conducting jacket round the 
the power of any blowpipe may bo extended uliuo&t without limit, ns little of the 
l work of heating the body of metal is done by the direct blowpipe flame, 
the construction of blowpipes for gas they should be so proportioned as to give the 
nuna effect for the minimum of fuel and blast. To do this the air pressure available 
lie an important factor. Speaking roughly, but still sufficiently near to make a 
t rule to work by, a blowpipe requires 1 of gus to 8 of air* If the gas is supplied 
ressnre cqa.il to 1 in. of water, and the air at 8 times that pressure, the area of the 
id air pipes should be equal, to got the best effect. If the air Bupply is equal to 
of water pressure, the gas pipe must be double the area of the air, and so on in 
rtiou. Of comae the air and gsa supplies can be adjusted by tops easily, but in the 
mostnicllon of a blowpipe for large work. Ibis rule must be adhered to. Any 
tore from it reduces the power of the blowpipe, nod ignorance of this simple rule 
rsqueutly caused failures which the makers of blowpipes have been unable to 
in. 

to often an advantage to build up a blowpipe quickly for some specinl work, and 
icthod and rtdea for construction are here given, bearing iu mind always that a high- 
ire blast gives the most compact and highest temperature flame, without having 
dually greater quantity of heat in the flame produced. 

t day, prepare = 1Q-I0tha on the gas supply, a |-lm pipe with §-in, bore tap will 
t about 1 $ cub. ft. per minute, or 75 cub. Ft. f«r hour. A l-in. bore pipe and top 
•V&J about 5 cub. ft, per minute. About 25 cub, fl, of gas equals 1 lb. of coal in 
ralne, and, therefore, a J4n* gns pipe will supply at the rate of 1 lb. of cnal, in a 
ai form, in 20 minutes* To bum this in n blowpipe, an air supply of 10 cub, ft. 
mute U required, and given the available blast pressure the area of the air jet 
**ry is easily found. 

t (he cemitructioii of largo blowpipes for special work, the stock fittings can 
ally W utilized* and an efficient blowpipe built up in a few minuted, ns shown in 
ICO. Nothing more is necessary than 3 short bits of tube, a J coupling and 
Tolling socket, or straight union. No tops are necessary on the blowpipe, if not at 
as if an elastic tube ia used the flame can be perfectly controlled by squeezing Ih* 
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tubes between the fingers, holding them in the same way as the reins are held in driving 
a horse. If a diminishing socket is not at hand, the end of the T-pfeoe can be plugged 
up and the air tube fastened into this plug, and it will be a convenience if an elbow is 
put on the gas inlet close to the T» so as to turn the gas pipe in the same direotkm as 
the air pipe. In this form it makes a handy and convenient blowpipe. 

For any except very small work, some mechanical blower is absolutely necessity. , 
Those who do not care to go to the expense of any of the apparatus usually sold, can ! 
produce a good make-shift with one or two pairs of common house bellows. Ifaa l 
upholsterers’ or sofa spring is placed between the handles so as to render the opening of j 
the bellows automatic, the pressure of the foot on the top board will give a strong blast 
of air. This, although intermittent, acts very well for a large proportion of work, and a 
full-sized pair of house bellows will supply a blowpipe with an air jet of full ^ or^in. ( 
bore. A continuous blast, at all events for soldering and brazing, is not at all neoenarj, ' 
unless the maximum possible power is required. To obtain a continuous blast from this 
arrangement several ways may be adopted. It is of courae necessary to have a reservoir, 
which is always under pressure, and some means must be adopted to prevent the air in tbs ; 
reservoir blowing back into the bellows, whilst they are being lifted between the strokes. , 

If a square tin or zinc vessel is made, with a sloping partition, shown at b (Fig. 161^ 
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the partition slightly open at the bottom, and the vessel half filled with water, the air 
when blown by the bellows through the pipe c, bubbles up through the water, wkiolx 
makes the bottom of the pipe c tight against the return of the air. As the air accumu¬ 
lates in the close part, it presses the water a under the partition to the other side, causing? 
a difference in level, which exerts a continued pressure ou the air pipe on the top. The 
deeper this vessel the heavier the air pressure which can be obtained, as this is ruled by 
the difference in level between the two water surfaces. This is the only means of getting? 
a continuous pressure without a valve. The next easiest way is to get a second pair ot 
bellows, plug up the hole underneath the inlet valve at the bottom, and in this ping? 
insert a pipe leading from the first pair of bellows. The second pair then forms the 
reservoir, the air being taken from the nozzle to supply the blowpipe, and the necessary 
pressure must be obtained by weights on the top board or by a strong spiral spring rest¬ 
ing on the top board. The rule with house bellows is that they are made in a wholesale 
rough way, and very few are anything like air-tight. They should be carefully select©^ 
for the purpose by opening fully, stopping the nozzle with the finger, and pressing tb fi 
handles heavily together. Many will be found to close almost as quickly with tb^ 
nozzle stopped as with it open, and, of course, these are <\uito useless for the purpose. 
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Support* —Work to Ixe brazed needs to be supported on a bed of some refractory 
erut Often a fire-bride or piece of fire-lump is used for heavy work, or powdered 
lire or charcoal for lighter work. A fire-brick forms a convenient basis, and may be 
(7*ed out to receive a dough-like compound of 1 part fine fire-clay and 2 parts charcoal 
t b vmhined by adding a little stiff rice-fimir paste, as Edwinsou suggests, Or 
mt may replace tho fire-clay. In this dough the article is embedded, and all is dried 
\W before the brazing begins. Freeman has introduced a now and improved heat 
fetor, for use with the blowpipe, as a support for th work whilst it is being brazed 
oLicred* This article is made of a very light porous clay, specially prepared, and is 
li^akd* so os to allow the heat to pass entirely underneath the article to bu soldered* 
i wupericir as a support to that of an ordinary firebrick, it does not burn like oom- 
ticn supports, it does not crackle or spit like charcoal, nor crumble away like pumice, 

• article has been tested by many of the leading electroplate and jewellery manu- 
urers of Birmingham, who speak highly in their testimonials oF its efficiency, 
"ki' f the material may be had in disc form 14 in* in diameter, or in lumps 12 j in, 
it* *1*3*. each. 



T'^li of the tools incidental to soldering are illustrated above* 

dnmer for fattening mete! ; Fig& 163 f 164, bossing mallets; Flgft. 
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16G, copper bits; Figs. 167 to 170, soldering and bossing irons; Fig. 171, a ladle; 
Fig. 172, a shave-hook; Fig. 173, a boxwood chose wedge; Fig. 174, a boxwood 
tnrnpin. 



171 . 172 . 

Braziers' Hearth.—In solderiug or brazing large work of copper, silver, Ac^ anopa 
firo is used, called the braziers’ hearth. For large and long work, this hearth is msA 
with a flate iron plate about 4 ft. by 3, which is supported by 4 legs, and stands on tto 
floor at a sufficient distance out from the wall, so that the operator can get all around it 
In the centre of this plate is a depression about 6 in. deep and 2 ft. long by 1 wide, fix 
containing the fuel and fire. The fire is depressed in this way so that the surface of tie i 
plate may serve for the support of large work, such as long tubes, large plates, Ac. Tta ; 
rotary fan is commonly used for the blast The twyer iron is similar to those forth 
common blacksmiths' forge, but with a larger opening for admitting the blast to the fire. 
The nose or top of this twyer iron is fitted loosely into grooves, so as to admit of euf 
renewal, as they are burned out in a very short time, and must be replaced to do good 
work. The fire is sometimes used the full length of the hearth, in which case along 
or continuous twyer is employed. Occasionally 2 separate fires are made on the sum 
hearth. In tins case, they are separated by a loose iron plate. The hood or mouth rf 
the stack is suspended from the ceiling over the hearth with counterpoise weights, so tint 
it may be raised or lowered, according to the magnitude of the work. The comma 
blacksmiths' forge fire is frequently used for brazing. It is temporarily converted ink 
a braziers' hearth by being built hollow around the fire, and the fire removed from tbs 
wall or flue, out into the centre of the hearth. But the brazing operation injures tbs | 
fuel so that it cannot be again used for ordinary forging of iron or steel. For mast > 
of either the braziers’ hearth or the blacksmiths’ forge, the ordinary grate made be used, 
or it is better to employ a brazier or chafing dish containing charcoal, and urge the file 
with a hand-bellows, which should be blown by an assistant, so that the operator nay 
have both hands at liberty to mauage the work and fuel. The best fuel for biasing ii 
charcoal, but coke and einders are generally used. Fresh coals are highly ib{urioQi Is 
the work, on account of the sulphur they contain, and soft or bituminous coca cannot bs 
used at all until it is well charred or converted into cinders. Lead is equally aa injurious 
in the fire for brazing as for welding iron and steel, or in forging gold, silver, or oopper, fiar 
the lead is oxidized and attaches itself to the metals that are being brazed or welded, and 
prevents the union of the metals, and in all cases it renders the metal brittle and 
unserviceable. There are many kinds of work which require the application of hart 
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he intensity of the forge fire or Die furnace, but in u number of these Cases it h* 
Liable to beat a small portion of the work, and avoid soiling tho surfwxj of tho 
;?*, and also to have the work under the observation and guidance of the operator, 
ixlng or soldo ring small articles of jewellery, silver plate, &c, In Llieao cases, 
pipe with pointed fl&tne is generally used, and in many cases tho work is siip- 
poti charcoal so as to concentrate the heat upon it, 

mg the l ion,—Fig. 175 shows a simple form of lamp for heating the soldering- 
La the casing; &, In nip and uptake ; e, Jlauie; d t baffle-plate; c, ton of stove ; 
I, wire*; h, place for the bit. Make tho 
high enough for the pro]xr heating of 
and h t it rise 1 in. higher at the hack, 
lie lump, i<\ T that tho article is not covered 
it posit of carbon (soot)* 
following is o simple and useful adjunct 
solderer,** in order to do away with the 

> caused by the smoke from an ordinary 
icr, Take a piece of sheet tin—say 7 in* 

; turn it round into a cylinder, and rivet, 
tall brass nails, to be had at any iron- 
1 , are handy ; make holes with a btodaw^ 

> off the tack to the desired length, and 
a ill be plenty in cylinder.) Vandyke one 
round, turn down a flange at the other 
ke a circular cover for this end, and fill 
oles by means of a fine sprig bit; rivet 
u. on to flange with 4 tacks; make a hole 
ve an ordinary gas-burner—say, 2 in. 

> bottom or Yundyked end, and solder tlio 
I he new brass ones are the handiest). Now procure a piece of vulcanized rubber 

m, boro, draxv over the burner, and also over an adjacent burner in the shop, 
dug on the gas you have a beautiful blue and smokeless flame, with groat bent, 
her, of Warrington, soils very useful little implements for heating the soldering* 
i suitably arranged gas-jet, 

ml*,—(I) The soldering or 2 metallic surfaces together implies something more 
re mechanical union, and probably depends in some measure upon tho forma* 
n alloy between the solder and the metals joined by it: hence the necessity for 
Jtaot, and therefore perfectly bright iuoxitllzed surfaces. To ensure this ouudi- 
it»ti 4 solutions are used just at the moment of soldering. The most common is 
loric acid “killed " with zinc (i. e. in which zinc is dissolved until the acid takes 
ore), forming zinc chloride, which runs over the surface exposed to it, removing 
ling oxide, and preventing its further formation by tho action of the air. Sal¬ 
ic (ammonium chloride) sometimes replaces tho zinc chloride, or is used ill 
ion with it. Powdered rosin applied to the heated metallic aurfneu forms a 
e varnish which excludes the air and prevents oxidation. With the same object, 
odium biborale) is mingled with granulated hard solder just before use, either 
mg the borax and mixing dry, or by dissolving the borax in water and making 
>t the solution and the powdered solder. 

Third " or “ strong w solder is commonly known as u spelter/* a term properly 
to commercial zinc ingots. For some kinds of work, commercial spelter is not 
u teri as other bmasLB; for ordinarily it consists of equal weights of seine and 
and in certain eases it is advisable to use a harder solder than ia obtained by 
opart tens. The admixture of copper and zino produces a series of alloys 
considerably in their qualities, and when tin is introduced, the increase oc 
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decrease of the zinc ami tin produces a compound metal, the properties of which aw 
widely different according to the relative quantities of the ingredients need in its pftH 
duetkm* Spelter when Lome-made U best prepared by melting the copper and zinc hi 
separate crucibles, the copper being in a crucible large enough to hold the zinc aa will. 
When both metals are thoroughly melted, Uie zinc is pound into the copper cruciUc, 
the two being stirred well, so as to ensure thorough admixture, when the alloy U piurui 
out on to a bundle of birch twigs or pieces of coarse basket-work, supported over * tub 
of water, the object being to obtain the solder in tho form of fine grains with an irregakr 
crystallization. If, when taken from the walcr, the spelter is not sufficiently uniform m 
size of grain, it is passed through n sieve, and tho large particles are crushed in a rail- 
iron mortar or any suitable appliance, and again passed through the sieve, far Accjjm 
and uniformity of size are essential to the accomplishment of some examples of hmziog . 
In a thoroughly sail.afactory manner. Manufacturers of hard solder, however, u^udlj j 
cast it into ingots, delaying the cooling in order to develop as much ns possible lit 
crystallization, which is found to facilitate the subsequent crushing and sifting of lie 
spelter, The terra “ brazing 11 U often applied to the operation of “ bard soldering* fact 
the fact that the solder used is really a brass. 

(3) The solder found in commerce generally is known ns ** coarse," common/* lid 
“fine”; and the respective proportions of the metals are supposed to lie—for cnaf** 
2 parts lead to 1 of tin; for common, equal parts ; and, for fine, 2 parts tin to 1 of k*t 
These proportions can generally Ive detected in the manufactured article, for oAEfti 
solder exhibit* on its surface small circular spots, caused by a partial separation of tiro 
metals on cooling; but these are wanting when the tin exceeds the lead, ns in hue jdMm* 
In the ordinary solder of commerce, it is very rare that the tin exceeds the lead, sirl 
No, 1, or hard solder, of the shops, will, as a rule, bo found to vary between 1} and Iw 
lead, to I of tin. Tho commoner stuff—that which plumbers use for making wiped 
joints in leaden pipes—contains 2$ to 3 parts lead and 1 of tin* 

(4) Solder will sometimes get contaminated with zinc, burnt tin, lead, iron, 4c„ 
which causes it to 11 work short," “ set/’ 1 or crystallize, ocmteuj to the general rflk- 
This is known by the solder quickly curdling or setting and working rough, with lb 1 ’ 
tin separating, and looking like so much sawdust, except in colour, which, if disturb"! 
when coding, is a kind of grey-black* This is often caused by overheating the mM* 
Viz* by making it red hot or by dipping brneswork into tho pot for tinning* and i!n> 
when soldering brasswnrk to lead, when, if brass work bo dipped into the pot too hot, tbfl 
zinc leaves tho copper ami the tin takes it up, because tin and zinc readily mix. A 
small portion of zinc will also eauso tho load and tin to crystal]]z© or separate. If 
you have any idea that there is zinc in your solder (tho least trace is quite sufficient 
Lent it to about 80b° F. (427* C.)* or nearly red hot, only just visible in the dark pf 
visible, or red hot, in the day time, it will 1>e at least 1100° F*: red-hot irons do act 
improve solder}, Throw in a lump of brimstone (sulphur), which melts at 220° F. 
(U)S° €.), but at a greater heat, lietween tins and 430° F. (221° &)—just below 
melting-point of plumbers' solder, it thickens, and from 480° to CKKF F. (24£P to 315° 
remdts, and again becomes thinner. At 773° F* (412° 0.) the zinc melts, and bertf 
lighter than kiwi or tin, ban a chance to float, especially with the aid of sulphur* Tho 
sp. gr, of load is ll + 45; tin, 7'3; zinc, 6’8 to 7 (just enough to rise); and sulpliwn 
1'98- The last named readily mixes with tho zinc, &c„ and carries the lot of Jbttiitf 
matter to tho surface* It also brings up nil tho oxidized lend and tin in the form of ^ 
whitish powder called 11 putty powder/* which nmy Vie in the pot, or nvike* it fly In lf" J 
iron. Bkim the solder well, and after the Lent is brought down to about 4lKT I 
(204° C,\ or just below working-point, stir the lot well up in plenty of tallow, whki 
will free the sulphur, and your solder will be dean* A good lamp of rosin will impm vij 
it; and odd a little tin* If you have very much zinc present, the best way will be ^ 
£Tujiuhito the solder as follows ;—Just at setting point, turn it out of the pot and break 
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} wit h the dremer, like oo much mould or Baud. Put it into an earthcmwaro Win or 
i, < r back into the pot, and cover it with hydrochloric acid ; let it soak for u day or bo* 
ieu well wash the lot, and serve it as above. This will effectually take the line out. 
Ifterwardii add a little more tin to compensate for Unit destined by the excessive heat, 
lEid the acid. A little arsenic very readily carries zinc through the Bolder. 

Overheating solder renders it 41 burnt,” i. e. much of I ho various metal* present is 
exidixed, producing a cloggy dull mass; this is remedied by the process just described* 
which eliminates the injurious oxides. When there is only u small quantity of bml 
•Ucr, it is best to make it up into Hue solder, or u bo it for repairing xino roofs. Do 
w C put bought Hue solder into plumbers" solder* us it tuny contain all sorts of metal, 
(F*Jl Davies.) 

(5) Soldering zinc and galvanized iron.—Zinc may be soldered us readily ns tin by 
us. tig dilute hydrochloric acid (} its bulk of rain-water added) us u flux instead of rosin, 
and by taking cam to keep the soldering-iron well healed. 

(6) Foraoldericg without the use of an iron, the parts to be joined are made to lit 
•crarvtcly* either by filing or on a Jo the, Tho surfaces arc moistened with soldering 
tunl a fmooth pieoo of tinfoil is laid on, and the pieces arc pressed together and tightly 

The article is then heated over tho fire by means of a lamp until the tinfoil 
crita, In this way 2 pieces of brass can be soldered together bo nicely that the joint can 
soredj be found. 

i"> For soldering brass to platinum, put a piece of thick brass wire in a hundie, and 
Hama and file the end like the point of a soldering bit; dip this end in soldering lb ml, 
and. holding it in the flame of gas or lamp, run a little solder on it ; now, having put 
•sac fluid on the platinum, which will require to be supported with a fine pair of tongs. 
It near the flame, but not in it, at tho same time heating the brass wire in the flame 
•ithllie**ttier baud, and as soon as the solder melts it will rim on to the platinum ; you 
toast put very little on, and tike care the solder docs not run to the other side. Having 
■pphed soldering fluid or rosin to tho brags, hold the two together in any convenient 
tWBlfcT, anil warm them in the fiurao till the solder runs. It is best to use rosin for 
thrtnml work, unless the work can bo separated and thoroughly cleaned. 

(8) Soldering brass wire.—For making a chain, procure a piece of hard wood or 
«wi»L the cross sect ion of which will be the same shape as the intended links. The 
viro mail ho wound on this—then, with a fine saw, cut through each link and form ilia 
riaio (or a fmrt thereof). Have a large piece of pumice or charcoal (preferably tho 
latter), wilh a nice flat surface, and arrange the chain on it ready for soldering, the points 
*4 *auh link Wing turned the eatne way ; the solder must be hammered thin, and cut 
iiLi wTy email pieces. Get a piece of borux, and grind it on a slate with water; now, 
with a small c^mel-huir pencil, touch each joint with the moist borax, and with the point 
e r the pencil pick up a piece of solder and place it over tho joint. When every link has 
m tnihd, lieut them with the blowpipe tilt the solder runs ; do not tvltempt to hetit 
Uira Mill at ottcCj but direct the flame (and your attention) to one link after another, till 
all aft* soldered —then boil them in water, to which is added a little sulphuric acid. For 
thu pnrp-v you should use a copper or porcelain n plcklo pan **; for solder, take u 
fcixtmv of 1 (strt brass and 2 of silver, melted together and rolled or hammered very tldn. 
I:. Tijrr to make neat joints, the solder must be ent very small, and only put the borax 
flwt where you wish the solder to run, The charcoal or pumice-block you can grind flat 
°5 fije hearthstone* or use au old file for the purpose; an ordinary blowpipe, which you 
<*n htij for M, will answer every purpose. You can also buy the silver solder ready 
Is Use. Spelter tedder cun be used for this purpose, but is not so convenient, 

i>> Soldering brass to steel.— (a) Clean the surface of tho steel, and with a fine brush 
<*«t ihi steel with a solution of copper sulphate. The iron reduces tho copper to the 
Pallia condition, in which condition it firmly adheres to the steel; then solder In iLe 
way. (p) Take a sui ta bJ v-sizetl piece* of finfoiJ, an el wet in a strong ablution el 
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commercial sal-ammoniac * place this between the surfaces to be soldered, and apply a ho 
iron or gnsdkme. The surfaces do not require trimming. 

(10) Mending cracked belh—The emek U first suldered with tin, and the bell it 
heated to dull redness or nearly bo fora little time. The tin has the property, wher 
heated above its melting-point to nearly redness, of rapidly dissolving copper, an alley 
being thereby formed in the crack of nearly the same composition as the bell itself, mi] 
which, being in absolute metallic union with it, is quite as brittle and as sonorous a*the 
other portions of the bell, 

(11) Soldering iron and steel.—For large and heavy pieces of iron and steel, copper 
or brass is used. The surfaces to be united are first filed off, in order that they may le 
clean. Then they me bound together with steel, and upon the joint a thin strip of sheet 
copper or brass is laid, or* if necessary, fastened to it with a wire. The part to be soldered 
is covered with a pa*te of clay, free from sand, to the thickness of 1 in., the coating being 
applied to the width of a hand on each side of the piece. It is then laid near a fire, 
that the clay may dry slowly. The part to be soldered its held before the bW, and 
]seated to whiteness, whereby the clay vitrifies. If iron is soldered to iron, the piece 
must be cooled off in water. In soldering steel to tteoi, however, the piece is allowed 14 
cool slowly. The semi-vitrified clay is thou knocked oft‘ and llio surface is cleaned in * 
proper manner. By following the hints given, it will be found that a durable and chwi* 
soldering is obtained. If brass, instead of copper, is used, it is not necessary t j lu tit v* 
strongly ; the former recommends itself, therefore, for steel. Articles of iron and sIl-lI *>l! 
medium size are best united with hard or soft brass solder. In both cases the scam* siw 
cleanly filed and spread over with solder ami borax, when the soldering seam is heated* 
Hard brass solder ig prepared by melting in a crucible 8 parti brass, and adding 1 of 
previously heated zinc, The crucible u covered and exposed to a glowing Lent for a tew 
minutes, then emptied into a pail with cold water, the water being strongly agitated 
with a broom. Thus the metal is obtained in small grains or granules. Soft brass eoliter 
is obtained by melting together 6 parts brass, 1 of zinc and 2 of tin. The granulatioa i* 
carried out ns indicated above. Small articles arc best soldered with hard silver «u]dvr or* 
soft solder. The former is obtained by alloying equal pHrts of fine sil vex and soft farasv h* 
fusing, the muss is covered with borax, and when cold, the inctal is beaten out to a thh* 
sheet, of which a sufficiently large and previously annealed piece is placed with bora* 
upon the seams to be united and heated. Soft silver solder differs from hard silver sob-ci 
only in that the formerctmtains ^ of tin, which is added to it during fusion, * *xf lirff 
articles of iron and steel are soldered with gold, viz, either with pure gold or hard gnhl 
solder. The latter can be obtained by fusion of 1 part gold, 2 of silver, and 3 of copp't. 
Fine steel wire can also be soldered with tin, but the work ts not very durable, Han) 
and soft brass solders are mod for uniting copper and brass to iron and steel, silver soldt* 
for silver, hard gold solder fur gold. 

(12) Soldering silver.—The best solder for general purposes, to be employed in 
soldering silver, consists of 19 ports (by weight) silver, 10 of brass, and l of copper 
carefully melted together, and well incorporated. To use this for fine work, it should Irt 
reduced to powder by tiling; the borax should lie rubbed up on a fists with w ater, to tli« 
consistency of a cream. This cream should then bo applied with a fine brush to Uit 
surfaces intended to lie join oil, between which the powdered solder (or wire) is placed, tud 
the whole is supported on a small block of charcoal to concentrate the heat. In ftiti 
hands of a skilful workman, the work can be done with such accuracy, as to require no 
scraping or filing, it being only needful to remove the borax when the soldi ring is complete 
by immersion in “ pickle.*' 

Silver soldering as applied to silversmiths* work, is an art which require* great can 
and practice to perform it neatly and properly. The solder should in every way be wd 
suited to the particular metal to which it is to be applied, and should possess a powrtfii 
chemical aiihuty to it; if this is not the case, strong, clean, and invisible connectiom 
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m effected and that is partly the cause of roughness in goods, and not, aa may 
q neatly be supposed, from the want of skill on the part of tUe workman. T)ie 
occtions are made when the metal and solder agree as nearly as possible in 
ty as regards fusibility, hardness, and malleability. Soldering is more perfect 
e tenacious as the point of fusion of the solder rises. Thus tin, which greatly 
i the fusibility of its alloys, should not he used excepting when a very easy 
Bolder is wanted, as in soldering silver which has been alloyed with zinc. Solders 
th tin are not so malleable and tenacious as (hose prepared without it folders 
>m sil ver and copper only are, as n rule, too infusible to be applied to the general 
I Ter goods. Solders are manufactured of all degrees of hardness, the hardest being 
of silver nod copper; the next silver, copper, and zinc; the most fusible, silveri 
md tin, or silver, brass, and tin. Arsenic is sometimes used to promote fusion 
poisonous vapours render its use inadmissible. In applying solder, of whatever 
.ion, it ts of the utmost importance that the edges, or parts to be united, should be 
I ly chan; and for the purpose of protecting these parts from the action of the nir 
latino during the soldering process they arc covered with a fins, always borax, 
it only effects the objects just pointed out, but greatly facilitates the How of the 
■ the required places. Silver may be soldered with silver of a lower quality, but 
ning Bolder may be made of 13 dwt fine sliver, (1 dwt. brass; the composition 
being io uncertain, it is best to fuse zinc and copper with the silver, and the 
g proportion! make a very easy Tunning solder: 12 dwt, fine silver, 6 dwt. pure 
l dwt, zinc. Brass sometimes con tains lead, which burns away in soldering and 
carefully guarded against. Bolder for filigree-work is prepared by reducing 
ring Bolder filings and mixing it with burnt borax powdered fine. In this state it 
tied over the work to be soldered, or the parts to be soldered ore painted with 
lx* and the solder filings are Rifled on and adhere to the borax. The flux which 
to the work after soldering is removed by boiling the article in a pickle of snl- 
ctd and water, i part to 30. 

Soldering glass to metal.—This may be effected by first coating the glass with 
is sometimes done to give a bright reflecting surface. Small flat pieces of glnra 
tod over on ono side with chalk or colcothar and water, and then left to dry. 
e placed with the coated side downwards on the bottom of a flat cast-iron tray 
ft square* surrounded by a vertical border of 1 to If in,, and are gradually boated 
je muffle to ft tempera ture somewhat above the melting-point of leud. The tray 
mwn, and melted lead is immediately poured into it sufficient to cover the g’ass, 
i held down by pieces of wire. A t-lighlly oscillating movement is given to the 
as to cause the molten lead to flow gently backwards and forwards. Alter a short 
dug ib taken out of the corner of the troy, which is PI tod to let the lend run off as 
e!y as possible. The pieces of glass will now he covered with a firmly-adherent 
lead. The lead employed should be of good quality : and in order to prevent it 
doming mixed with any oxide which may have formed on its surface, the tray is 
I with a gutter-like arrangement, leaving only a slit for the passage of (he lead, 
t is suspended ftt one end by a chain, find held by tongs at the other. Glass 
thus backed with a lead coating have their shanks soldered on (Dr. Percy). Polder 
y be made to adhere to glass by first coating the glass surface with amalgam. 
Soldering platinum and gold.—To make platinum adhere firmly to gold by 
g. it is necessary that & email quantity of fine or 18-carat gold shall be sweated 
surface of the platinum at nearly a white heat, bo that the gold shall soak into 
of the platinum ; ordinary solder will then adhere firmly to the face obtained in 
iner* Hard solder acts by partially fusing and combining with the surfaces to be 
md platinum alone will not fuse or combine with any solder at a 
g like the fusing point of ordinary gold solder. 

Mendiz# tin mticep&n«—The article i& first scoured out with alrcm* soda water. 
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and tbe bole is scraped quite clean, If gmfdl enougli, it is covered with a drop of sokje 
applied after the spot baa been moistened with ** killed spirits." If this plan will not suffix 
a larger apace must be cleansed and a small patch of tin laid on. When the bottom 
per to Italy impaired, the quickest and beet method is to cut it off and replace it by a now one 

(16) Soldering brass .—A 11 kinds of braes may he soldered with Bath metal solifc 
(79 copper, 21 fcine) or soft spelter, using borax as a flux, A good plan is to spread mi 
little paste of borax and water and lay a b ; t of tinfoil on this, then heating till the tit 
melts and runs, and thus coats the surface. Work previously tinned in this way, can Ik 
joined neatly and easily. 

(17) Soldering pewters and compo pipes.—These require powdered resin as a flux 
with very thin strips of the more fusible solders, care being taken that the soldering 
iron is not too hot. 

(IS) Laying sheet lead.—In laying sheet lead for a flat roof, the joints between the 
sheets are made either by li rolls/* u overlaps/* or soldering. In joining by rolls, & long 
strip of wood 2 in. square, flat at the base and rounding above, is placed at each scam; 
the edge of one sheet is folded round the rod and beaten down dose, and then tto 
corresponding edge of the next sheet is folded over the other. In overlapping, the 
adjacent edges of the 2 sberets ore turned up side by side, folded over each other, and 
closely beaten down. Soldering is not adopted when the other plans can be carried oat 

(19) Mending leaden pipe.—When a water pipe is burst by frost, the damaged pcfffkft 
must bo cut out and replaced by a length of new pipe, in the following manner. The 
ends to be joined are sawn off square, then the open end of the lower section is enlarged 
by inserting a boxwood turn pin and driving it down by light blows till the opening tt 
large enough to admit tbe lower end of rbe new length, which is rasped thinner all 
round to facilitate this operation. The top end of the new length and the ojien end of 
the upper section arc then served tbe same way. The surfaces to Iks joined arc amped 
quite bright, either by a shave-book or by a pocket-knife, end then fitted together, to 
forming a couple of circular ditches, ns it wore. Into these is sprinkled a little powtlcroi 
roam to keep tbe surfaces bright, anil thou molten solder ia poured in from a ladle till ito 
ditches aro quite full. Adhesion between tbe solder and the pipes is then brought abort 
by passing the point of a hot soldering-iron round tbe ditches, the heat of the iron Wng 
sufficient to liquefy the solder and just fuse the surface of tbe lead, but it must ik# 1 te » J 
hot as to melt the lead. 

(20) Gas for blowpipe work.—-Fletcher, of Warrington, the well-known inventor 
of so many improved appliances for the employment of gas in tbe workshops b<u 
published some interesting remarks on the use of the blowpipe. Where available, then 
is no fuel to equal gas for general blowpipe work, and in using the blowpipe with gnid* 
is usual to cut a notch or groove in the upper side of the open end of a |-in. braes tube,» 
as to allow the top of the blowpipe to rest in it, pointing in the same direction as w 
opening in the gas pipe. The blowpipe tip should thou be placed in the notch, and & 
wire bound round both in such a manner that the blowpipe is held firmly in postfix 
and stillcac be easily drawn out Ij&ckwurda. This arrangement forms s carrier for tba 
blowpipe, which leaves the hands at liberty, and enables the whole attention to to 
directed to tbe work. A short length of lube made like this could be carried in Ihu 
tool-bag, and connected to any available gas supply. 

For hind soldering, where the solder used melts at a heat approaching redness, a^l 
sometimes at a still higher temperature, the same form of blowpipe and the same sou** 
of heat are commonly used, except that as the work is usually done in fixed workshop** 
tbe sources of heat do not require to be portable, and arc therefore usually confined to 
gas, or, where this is not available, to a lamp, having fixed on the upper side of the 
lube, in a convenient position, a support of wire, or other material, to carry the front 0 
the blowpipe. Sometimes the blowpipe is made as a simple straight tube, sliding in 
loom 'folJar, the blowpipe in this case being about or 4 in. long. At the opposite en 
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ofthoj<rt uflxed about Her 1(3 in* of small indmmbber tubing* (feeding-bottl© tube), 
*Uch istt&nd for blowing. Tho sliding motion of the blowpipe is necessary, that thu 
j»4 ran either lie drawn buck* giving a large rough flare for general heating, or it can bo 
}(n»betl into the flame* 00 as to take up part only and give a finely pointed jet on any part 
thm? the solder requires to bo fused* When gns is used, the sliding motion of the blow¬ 
pipe is net necessary, ns the flame can bo filtered equally well by the gna tap, and it is 
Ik refer® mtfiiil to make gas blowpipes with fixed jets* 

Another form lias ths blowpipe coiled as a spiral round the gas tube, both gas and 
ill Icing boated before burning by a Bunsen burner Underneath* This gives & wry 
murk greater power for small work, but possesses no advantage whatever for large 
fours* On the contrary, when the maximum bulk of work is to be heated with a mouth 
1 Mowptpe, a better result is obtained with a cold blast of air, and tho advantage of the 
Jbotblast is only perceived when a small pointed flame ia used! When thin blowpipe is 
awl for soldering, the bulk of the work should be heated up flret with the cold blest, 
tadthe lower Bunsen turned on a few seconds before the small pointed flame is required 
tv fobbing the soldering* Tho hot blast has ono advantage peculiar to itself m addition 
MW high temperature uf the small flame ; it requires no chamber for condensed mois- 
tm The moisture of the breath, instead of appearing as orcagiorml splashes of wet on the 
it critical times, Ls convertsl into steam, and goes to assist the blast from the lungs, 
(21) Blowpipe brazing,—For brazing, where jmwdcred or grain spelter (a very 
foible brass) k used, the borax is mixed as a powder with a spelter, usually with a litlln 
•iter, but somutinies the work to bo brazed is made hot and dipped into the dry powder 
aixtmv. which partially fuses aud adheres* In either ease* care in requisite not In burn 
tv at'dige the grains of the spelter with the blowpipe flame, or it will not run ur adhere 
♦ uhi" turfore to bo brazed; and for such email work ns can bo done with the mouth 
bbfiipr, it is better to discard spelter entirely, and use either common silver solder fan 
iHy of 1 idlver and 2 tinned-brass pins), or what ia still better an alley of 13 parts 
II flue silver. If fine silver Is not easily to be got, tho same alloy can bo made 
bj «pi*I weigh la of copper and coin silver* The solder should be rolled inlo thin sheets, 
rat into small bite of the shapes and sizes required, ami put into a small saucer, contain- 
kg t rather thin pasty mixture of powdered borax and water* The surfaces of the joint 
tel* - ldrrrd should be brushed with this mixture, using a small camel-hair brush, the 
ht of vdder laung put in its position either with the brush or a fine pair of tweezers. 
Tte brat of the blowpipe must then bu applied very slowly. The borax dries up and 
ivrfij «nnfmously* frequently lifting the solder along with it. Thu borax then sinks 
iwn spin and begins to fuse* There is now no risk of blowing tho solder away, and the 
( full blast cam bo at once applied, directing the flame principally round tho solder so as to 
tat the foody of the Wurk* When hot enough, tlm solder begins to fuse and adhere to 
te» work, and. the flame must now be Instantly reduced to a small point, and directed on 
lb: r only, which nan ally fuses suddenly* The instant tho Holder runs* the blast 

bo flopped by the tip of the tongue, or in delicate work mischief may foe doue which 
(vko hours to make good* 

(Uie great difficulty with beginners is in soldering two or more parte in exact positions 
relatively to each other, these parts being of such a form that they cannot be held in 
j pwitimi The way to overcome the difficulty is this: With a stick of beeswax, the end 
which has been melted in a small flame, stick the parts together m required* Tho 
cii U sufficiently soft when cold to admit of the moat exact adjustment of parts, and it 
mt*t surround tho parts only which are to be soldered* Make a mixture of about equal 
pvt* of piaster-of-paris and clean sand, and stir this up in a cup or basin with sufficient 
10 make a paste, turn it out on to a sheet of paper* and bed the work to be soldered 
fon it, liking care that tho part covered with wax shall be freoty exposed. When this 
bout 10 minutes* slowly warm it over a ^tfuaen flame, or neat w- 
it will break vp); wipe the melted 
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apply the borax and solder as before mentioned, and continue tlie slow heating nj 
the whole muss is hot enough to complete the soldering with the blowpipe. If r 
bit has only to be curried or held In position after fixing with wbi, as before met 
a bridge or arm may be made between the pieces with a very stiff paste made of t 
whiting and water, or a mixture of clay, whiting, and water. This, being only 
bulk* dries much more quickly than the planter and sand, but it requires uhso ? 
heating at first, so as to drive the moisture out gradually, otherwise it explodes 
is formed inside, and the whole work has to be recommenced* The Indian Je- 
making filagree work use clay alone for holding the parts together, but it is 
in drying, and requires much more care in use than either of the forms given. 

When soldering, the work has to be supported in such a manner that it ca: 
about and its positions altered quickly, more especially when a fixed Llowj 
and for this purpose it is common to use either a lump of pumice or a sum 
pun with a handle, and filled with broken pumice, broken charcoal, and pin 
or other non-conductor. The best material is willow charcoal, and the U 
be obtained by its use, as, burning with the heat of the blowpipe, it give* 
assists the workman, giving a greater power than when any other support 
charcoal is not admissible, ns it crackles and disturbs the work. For 
support, which does not burn away to any practical extent, the l«*t i 
finely-powdered willow charcoal and a little china clay, modo into a sti 
rice‘flour starch, nnd rammed into a mould. These are to be bought ) 
and arc the most convenient for ell purposes. 

Speaking generally of the mouth blowpipe, the most practised user 
feat, might, with gas, soft solder a 3-in. lend pipe, or, with a lamp, do 
H-in, pipe. In hard soldering (with silver Bolder or spelter), it is tv 
can be done to solder properly any work weighing over 3 oz., if gas 
half this weight with a lamp; although m exceptional cases, using a 
these weights may be exceeded, and more especially if the bulk of t 
up by a fire or other means so as to admit of au extra strain being pi 
a short time for finishing only. It is a common practice for heavy or 
work—where the heat ta liable to be conducted away quickly—to sin 
bed of burning coke or charcoal, using the blowpipe only for runm 
the body of metal is heated by the burning coke. By this onkti 
any blowpipe is doubled, or more than doubled, and when Ibe work 
the capacity of the blowpipes available, this remedy is a valuable o 

SHEET METAL WORKING,—By the term w sheet m 
metals and alloys which are used in thin plates or sheets, such as l 
zinc, tinned iron (tin plate), nnd thin sheet iron. The arts of m> 
and tin foila, and platinum vessels for chemical operations, are 
the term, but these trades arc too special to warrant description 1 

The combined strength, durability, lightness, and clean 
metal, render it particularly useful in a vast number of artich - 
are desirable. Another most important property possessed by 
copper and tin, is that of assuming various shapes without fract 

Striking out the Patterns*—As the metal is proem 
various dimensions and titieknesses, some knowledge of geor 
mine how the fiat piece is to be marked and cut in order lo i 
on for the finished article* 

There is scarcely tiny end to the variety m 'ym l rv-w 
introduced into sheet-metal goods; but when * 
necessary to employ machines for stamping m* 
the metal* Apparatus desfsn*" 7 
-Tinny simple art idea win 
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ordinary carpenters’ brace; a is a 
ling edge, which may be modified 
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When only a frustrum of a cone is required, as for instanoe a funnel fitted over a pips 
end, or the shoulder top of a can, the same law holds good; but in this ease a second 
arc must be described equal in length to the smaller circumference. Thus, in Fig: 177, 
supposing the ring a to have a larger circumference of 12 in. at the base, and a smaller 
circumference of 10 in. at the top, with a height of 7 in.; then 2 area have to bs 
described at radii 7 in. apart, from the centre b (which is the point where the sides of s 
would cut each other if prolonged), tho larger aro c measuring 12 in. long, and tbs 
smaller d 10 in. Fig. 178 is another example where the shoulder has a much shallower 
slope, and when consequently the inner arc d is much smaller than the outer & 

Cylindrical Tubes .—The width of sheet required to form a cylinder is ascertained by 
multiplying tho desired diameter of the cylinder by 8*1416 ; the diameter of a cylinder 
made from a sheet of known width will be the produot of that width multiplied by 0*318Si 
Among the most frequent operations in sheet-metal working is the adjustment of 
cylindrical pipes to each other at various angles, and in various positions. 

If it be desired to join 2 pipes of equal diameter at right angles to each other, 
proceed as in Figs. 179,180. The T-piece a will fit tho outline of the main pipe b, si 


180 . 179 . 



shown. To strike out this T-piece, take a sheet having the same width as the distanco 
between c d , and the same length as the circumference of the T-piece. Divide the 
circumference into halves by tho line e ; then draw the line f at the level of the contact 
line of tho main pipe 6; finally describe 2 curves g commencing at the point k on tho 
line e, touching the line /, and terminating at the points c. These curves g must bo 
sketched in, as they do not form correct arcs of a circle, but are somewhat deeper. The 
seam joining tho edges c d will be on one of the long sides of the T-piece. The exact 
delineation of the curve g may be attained by dividing the half-circumference into a 
number of equidistant spaces by vertical lines, which are numbered or lettered; 
equivalent lines then drawn at the same distances and of the same lengths on the sheet f 
indicate the sweep of the curve. 

Tools.—For small operations, the tools required may be said to consist simply of 
a mallet, shears, and a few shapes for moulding on; but many useful little machine* 
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have been introduced into the trade, and effect considerable saving in labour. Tbs 
ordinary boxwood tinmen's mallet should have the paul rounding at one end and fiat it 
the other. Tinmen’s pliers are shown, in Fig. 1%1. 
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p Taotf.—Shears are made in several patterns, according to the stoutness and 
i oi the material to be cut Fig. 182 represent* the common form termed 
and shtsira; Figs* 183, IS4, are respectively called stock and block shears, 
are intended for use 
L position on a bench* 
is a guillotine shears 
8 a machine for cutting 
Fig. 187 is a 
hr cutting out circles, 
is a pair of fellies for 
bole*. Fig. 189 repre- 
)afciT3zu» for cutting 


183 





lea a cotLadtrable sixe, by the aid of an ordinary mu\*>uU>tJ I'w; ■ a i> 
a; t,a kr of )-im square steel : c, cutting whMt nwj h* iihkMmo 

material trader treatment; d t pivot 














ft taper stake used for folding tubes of tapering form ; a parallel stake is also required 
for cylinders. Fig. 194 is a pair of folding rollers. Fig. 195 is a machine for turning 
over edges and running* wire through the rim formed to give it strength. Fig. 196 is 
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utK far closing the bottoms of tcsscR Fig. 197 h a burring machine. Fig. 198 
^kettle bottom stake; Fig. 199, a funnel stake; Fig. 200, a aide slake; Fig,201, 
eo's am! braziera* horse; Fig, 202, a sauce pun belly stake. 


is* 



ming Took—-Fig. 203 ia an iron or boxwood block recessed in the centre, by which 
dishes of copper and tin may be shaped in one piece. Fig. 204 is a fluting block, 
L£ on the same principle to make corrugated patterns. When 
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operations are carried on, machines replaoe these simple contrivances. Fig. 205 is a null 
and Fig. 206 a large swaging machine; Fig. 207 is a grooving machine. Fig. 208 in 
creasing iron; Fig. 209, a block hammer; Fig. 210, a concave hammer; Fig. 211 e 
rivet set; Fig. 212, n groove punch; Fig. 218, a hollow punch; Fig. 214, a teapot 
neck tool; Fig. 215, a kettle lid swage. 

209. 210. 211. 212. 213. 214. SIS. 

A 

Working the Metals.—There are 3 distinct ways of working sheet metal ink 
objects of use or ornament, characterized by the manner of securing continuity of suite 
and absence of holes : these may be termed seamless, soldered, and riveted goods. 

Seamless Goods .—Some metals, especially copper and block tin, lend themselves« 
well to hammering processes, and manifest such a tendency to assume various bent fen* 
without either creasing or cracking, under the influence of repeated blows judirioarij 
delivered, that this is the general way of working with them. The piece of sheet metel 
of the required size is placed on the mould whose form it is to acquire, and very art¬ 
fully, gradually, and equally hammered till it assumes the desired shape. The msbl 
appears to have the power of redistributing its constituent molecules, so that the patios 
expanded by the blows draws upon the unhammered parts and maintains a unite 
thickness. A hemispherical bowl may be made in this way from a flat sheet by gndft 
ally beating it into the recess in Fig. 203 by means of the round end of the mallet A 
dish with fly ted sides may be formed from another sheet by hammering a margin of ti* 
same width as the desired sides in the hollows of Fig. 204, the bottom of the dish bring 
subsequently flattened down by hammering a hard block on it Obviously the proa* j 
must be gradual and the blows equally distributed in order to secure symmetry in flu 
finished article. Highly ornamental work may be done with suitable moulds and diet; 
but iu the case of copper, if the impressions are deep, the metal will require (request 
annealing by heating it, as the blows or stamps rapidly render it brittle and liable to ; 
crack. 




There is another kind of seamless work produced by a spinning process. The mrid ; 
or rather alloy best adapted to it seems to be Britannia metal or pewter. A sheet of j 
this metal is mounted in a lathe, either by drilling a bole through and screwing it,ct j 
by pinching it between wooden blocks. When fixed so that it can rotate freely, presort j 
is applied to the side of the plate by means of an oiled or greased burnishing tool with ■ 
a smooth blunt surface, the curve in tho sheet increasing as the pressure is augmented ■ 
In this way a circular cup is gradually produced without the least sign of a crease or j 
inequality in the surface. By using sectional moulds capable of being taken to piso* I 
most complicated patterns, such as teapots, feet of candlesticks, &c., can be nuuk, by grsdfr j 
ally pressing the rotating metal till it tightly embraces the mould, whioh is then removed ; 
More elastio metals may be used if duly annealed, provided they posoaw 
malleability. 

Seamed Goods .—Seamed goods, whether to be soldered or riveted, may be described , 
under one head, as they differ only in the manner of securing the seam. 

Pipes.—These are among the simplest articles constructed out of sheet metaL Tbs 
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drip mini be cut according to the direction* already given for cylinder*, allowing 
I'lftdetit margin for the joint, whatever kind may bo chosen. The strip la them bent 
tiirvughont its length into a tubular form by encircling it around a stout circular pole of 
[ wihMc diactukms, and the seam made in cue of the method* illustrated m Fig. 21G, 

It should be stated, however, that in the case of the bent joints, the edge* must Ik> 
litrapd before bending the sheet into n cylinder; this is effected by hammering the edge 
! sra the hatchet stoke with a mallet In Fig, 21G, a Is a simple lapped joint adapted for 
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•rtidw demanding no great strength, and secured by eotdering down the edge; in b, 
the ? edges ore hooked into each other, ns it were, then hammered down and soldered ; 
iftc, in eitm strip is hooked into the 2 edges, hammered down to assume the form shown 
h <f by means of the punch «, and secured by thin soldering inside. These joints nil 
Her la turned iron (tinplate); in the case of copper and brass the edges would only abut 
uidtwd of overlapping. 8heet zinc may be bent to any desired shape, but will not 
rsiain Use acquired form unless it is heated to a toropertiture not exceeding that of boiling 
water, «iy 2011° to 212° F. (93° to lOCP 0,). Fheefc brass may be cut and worked like 
mu* and tin. The same may bo sviid of lend, which, however, hay too little rigidity for 
b any p ai p csw ; pewter often replace* it aa being less soft and capable of taking a 
polish. 

Caps.—Gup* differ from cylinders in the addition of n bottom and the necessity for 
ilfntgihcnmg the upper edge or rim. The sheet is set out as already described to form 
tiv npright or sloping sides, with allowance for a tapped joint, ami o disc is cut out for 
tr*r to ton about J in. too large all round. Before converting the sheet into a cylinder 
w fmitruio of a cone, the margins must be prepared. The upper margin is provided 
»itu .i rim by turning down about £ in. of the edgv, by the aid of u mallet and hatchet 
rta*, in such a manner that the actual edge of the metal shall lie unite cloa? against 
Ul* outside aurfhoe of the article, while the rim retains a fullness and rotundity. If the 
irnrl* I* of a size to require this rim to possess considerable strength or rigidity, this 
tat am ia gained by enclosing a piece of wire, of suitable gauge, within the rim. Caro 
• fit filed to make the turnover of the same width exactly all round, otherwise the rim 
will jwesent an uneven surface. Wiring facilitates the operation of making a rim, but 
tyw fiinetimes to be dispensed with, as, for Instance, when a cover is to fit tightly 
oirr-dn canisters for storiag goods, tor example. The next step is to prepare the lower 
margin for receiving the bottom, which may be done either before or after the sheet 
iwiLh it* rim formed and wire 1) is lient to o cylindrical form. Iti the former ca^e, the 
imtgia ii held on the hatchet slake, and about \ in. is hammered out at right angles all 
C’S*!, so os to form a flange or foot to the cylinder; in the latter case, the perfected 
flintier u slipped over a round bar held in a vice, and supported with the lower margin 
/wtmg on lire bur, so that blows with a hammer on the outside will turn the margin 
iMnly outwards, when, the bend being thus commenced, the cylinder is stood on end, 
sari the hammering gradually proceeded with till a right angle is attained. The find 
»f tbs cylinder may either be turned over the disc forming the bottom, or it may have 
thr disc turned owr It instead, the latter being the easier method. To make a folded 
warn, villi the bottom turned up over the foot, stand the cylinder centrally on ihe dke, 
and mark the margin extending beyond it. Then remove the cylinder and proceed to 
torn up a flange cm the disc by holding it on a && £ circa hi r surface aft neat the n^Yd. 
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as possible, and hammering it down* When many articles of the mme fin 

lire i*>be made, a hard cylindrical bluck of the correct dimensions la very useful Aftrl 
the ditto has bad its margin turned up anncer-wise, the cylinder is replaced in it and 
the margin of the disc is closely hammered down upon the foot of the cylinder; mJihf 
run along the team completes the joint. This folded joint is unsurpassed for strength, 
but it demands more metal and more time for its production, and hence is generally 
replaced by the following modification. The completed cylinder, without any foot ar 
fiiiugo at the bottom margin, is stood on the disc* which has already been converted into 
a saucer, and the edge of this saucer is soldered to the upright wall of the cylinder 
sll round. 

Square boxes.—The sheets to form boxes and trays of rectangular shape may be cat 
in different ways, according to where it is admissible fc> have a soldered seam. Thai 
the bottom may be mode separately from the sides, having a little flange turned on tire 
margin to be attached by a horieontnl seam to the sides, which latter may consist of m 
long strip, bent to suit the comers and with only one vertical seam to join the 2 cmk; 
or the bottom and sides may bo-all in one piece, with triangular slips out out at 
carriers to allow of the turning up, when there will be a vertical afean at each oarer, 
and no horizon lal seam. 

Riveting,—This simple operation ooneists in punching holes in fhe overlapping rite l 
metal, inserting rivets of corresponding composition, and hammering out the eti'h Is 
form second heads. A riveted joint can seldom bo made watertight; hut in some cm * 
it is very useful on the score of its strength, and inside soldering can be added to fill 
interstices and complete the joint. 

CAHPENTHY-—The term “carpentry" is here employed in its widest swts 
embracing what is more properly known up “joinery." The former is strictly applied to 
the use of wool iu architectural structures, as for instance the joists, flooring, uri 
rafters of a house, while the latter refers to the conversion of wood into articles of 
utility which are not remarkable for beauty of design or delicacy of finish. It is eminently 
convenient to discuss the united arts of carpentry and joinery under a single htad, 
they are really so closely connected as to present no real difference. 

The art of the carpenter may bo divided into 3 dinline! heuds—fl) a conttidemlSflO 
of the kinds, qualities, ami properties of the woods to be worked upon ; (2) a deacriptwu 
of the tools employed, and Imw to use them and keep them in order: and (5) thfi 
rudimentary principles of constructing fabrics in wood, with examples showing tlici? 
application in various ways. The subject will be dealt with in this order. 

Woods,—It will be well to begin with an enumeration of the woods used to 
carpentry—(other wo^xls will be found descrilied under the arts in which they are us«t 
e.g. Carving)—leaving such matters as relate to all woods in general till aftenrerdx 
They will he arranged in alphabetical order. The terms used in describing tin 
characters of the various woods may be explained once for all. The “ cohesive 
is the weight required to pul] asunder a bar of the wood in the direction of its length: 
the figures denoting the strength, toughness, and stiffness, are in comparison with onlf* 
which is taken as the standard, and placed at 100 in each ease ; the crushing fore** 
is the resistnuce to compression; the M breaking-weight" is the weight required lo b«dt 
a bar 1 iu. sq. supported ut two points 1 ft, apart, with the weight suspended iu fit* 
middle. 

Acacia or American Locust-tree (Robinia pmido-a&Bcia ).—This beautiful tree, ri 
considerable size and very rapid growth, inhabits the mountains of America, from C*n»f1* 
to Carolina, its trunk attaining the mean size of 32 ft. long and 23 in. diam. The* 
seasoned wood is much viriued for its durability, surpassing oak. It is admirable fl® 
building, posts, stakes, palings, treenails for ships, and other purposes, Ils weight b 
4§-56 lb, a cub. ft.; cohesive force, 10,900-13,000 lb.; and tho strength, stiffness, Iflri 
toughness ot young unseasoned wood are respectively 95, 93, and 92, The wood i» 
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iwibh-jeDow, -with Terldish-brown Teina. Its structure is nltmrifiicly nearly compact 
cil rcry porous, distinctly marking tbe annual ring* ; it has no large medullary rays. 

Ake {Dodonea xn*cma )„—A small tree, 6-12 ft. high, Wood very hard, variegated 
and white; need for Dative clubs; abundant in dry woods and forests in New 

Zakud. 

AMer (Afnus glutinotay,— This small tree inhabits wet grounds and river-banks in 
Eorope and A tin, seldom exceeding 40 ft bigh and 24 in. diaui. The wood in extremely 
duntle in water and wherever it is eonatuntly wet; but it soon rota on exposure to tho 
*ridu-r or to damp, aud is much attacked by worms when dry. It is soft, works 
**»ly, ind carves well; bnt itia moat esteemed for piles, sluices, and pumps, and has been 
touch nilii v&ted in Holland and Flanders for such purposes. Its weight is 34-50 lb. a 
raU ft,; r»ihesive force, 5000-13*900 lb,; strength, 80; stiffness, 63; toughness. 101. 
Tbt‘ wood is white when first cut, then becomes deep-red on the surface, and eventually 
Mes to reddish-yellow of different shades. Thy roots and knots are beautifully veined. 
It m wanting in tenacity, and shrink! considerably. The roots and heart ary used for 
esknrt-work, 

Alerc^wood (Oaftifm ^Kudrreft7tnfs).*-ThlB is tho celebrated ettrus-wood of the 
atrirat Romans, the timber of the gum simdarach tree. The wood is esteemed above 
all ' ther* for roofing temples and for tables, and is employed in the cathedral of Cordova. 
Anv.La; the luxurious Romans, tho great merit of tbe tables was to tmvo the veins 
in waving lines or spirals, the former called * 4 tiger 11 tables and the latter 
”Others were marked like the eyes on a peacock's lail, and others egnix 
•pfwarvd as if covered with dense masses of grain. Some of these tables were 4-4 J ft, 
tliwiL The specimens of the tree now existing in B. Morocco resemble small cypresses, 
M»1 arc apparently shoots from tbe stumps of trees that have been cut or burnt, though 
pMlblj their stunted habit may be due to sterility of soil. The largest seen by Hooker 
*©I liall in 1S78 were in the Otirika valley, and were about 30 ft. high. The stems of 
Uh< trees swell out tit the very baso into roundish musses, half buried in soil, rarely 
stUiaiug a diameter of 4 II. It is this basal swelling, whether of natural or artificial 
"hda, which affords tho valuable wood, exported in theae days from Algiers to Paris* 
*Wre it is used in tlie richest and most expensive cabinet-work, Tho unique beauty 
d Use wood will always command for it a ready market, if it be allowed to attain 
wdNftit size, 

Akrac {Lfhocedrus Mmgotm ).—This is a Chilian tree, affording a timber which is 
Ur^ly used on the S. Pacific coast of America, and an important article of commerce. 
U pra >pars 80-90 ft long, and 800-1500 boards. Its grain is so straight and even 
W it ihingks split from it appear to have been planed. 

Apple [Australian] (A n^pWu wtftvdutina).— The so-called apple-tree of Queensland 
H Ib planks 20-30 in. In diameter, the wood being very strong and durable, and much 
u*d hj wheelwrights and for ships’ timbers. 

Ash {Wraxinut crerWor).—Tho common ash is indigenous to Europe and N. Asia, 
if»I found throughout Great Britain. Tho young wood is more valuable than the old ; 
it ii durable in the dry, but soon rota by exposure to damp or alternate wetting, and ia 
wj subject to worm when felled in full sap, It is difficult to work and too flexible for 
Uniting, hot valuable in machinery, wheel-carriages, blocks, and handle! of tools. 
Tie weight is 34-52 lb. a cub, ft; cohesive force, 6300-17,660 lb.; strength, 119; 
ddfnesa, 89 ; toughness, 160. Tbe colour of the wood is brown! ah-white, with longi- 
M'.iial yellow streaks; the annual layers are sejmrated by a ring full of pores. The 
a**t striking characteristic possessed by ash is that it hss apparently no eapwood at nil 
—iWj* to say, no difference between the rings can he detected until the tree is very 
wW, wbtn the heart becomes black- Tbe wood is remarkably tough, elastic, flexible, 
tad esrily worked. It ia economical to convert, in consequence of the absence ot %a^. 
great advantage is Found In reducing mb logs boo o after they are felled mto 
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or board for seasoning, since, if left for only a short time in the round state, deep dishes 
open from the surface, which involve a very heavy loss when brought on later far 
conversion. Canadian and American ash, of a reddish-white colour, is imported to this 
couutry chiefly for making oars. These varieties have the same characteristics as English 
ash, but are darker in colour. The Canadian variety is the better of the two. 

Assegai-wood or Cape Lancewood (Curtitia faginea).—T\m tree, the oomhUbe of tbs 
African natives, gives a very tough wood, used for wheel-spokes, shafts, waggon-nib, 
spears, and turnery, weighing 56 lb. a cnb. ft. 

Beech (Fagot tylvatica ).—The common beech inhabits most temperate parts of 
Europe, from Norway to the Mediterranean, and is plentiful in 8. Russia. It is mod 
abundant in the S. and Midland counties of England, growing on chalky soils to 100 ft 
high and 4-6 ft. diam. Wood grown in damp valleys becomes brittle on drying; it is very 
liable to destruction by worms, decays in damp situations, less in a dry state, but least of 
all when constantly under water. It is thus most useful for piles, and for kncos sad 
planking of si tips. Its uniform texture and hardness make it very valuable for tools tad 
common furniture. It is also used for carriage-panels and wooden tramways. Its weight 
is 43-53 lb. a cub. ft; cohesive force, 6070-17,000 lb.; strength, 103; stiffness, 77; 
toughness, 138. 

Beech [American].—Two species of Fagtu are common in N. America,—the whiti 
(F. tylvetlrit ), and the red (F. ferruginea). The perfect wood of the former is frequently 
only 3 in. in a trunk 18 in. diam., and it is of little use except for fuel. The wood of 
the latter, which is almost exclusively confined to the N.-E. States, Canada, New 
Brunswick, and Nova Scotia, is stronger, tougher, and more compact, but so liable to 
insect attacks as to be little used iu furniture; yet it is very durable when constantly 
immersed in water. 

Beech [Australian] (Gmelina Leichhardtii) attains a height of 80 to 120 ft. and yields 
planks 24 to 42 in. wide; its wood is valuable for decks of vessels, Ac., as it is aid 
neither to expand nor contract, and is exceedingly durable. It is worth 100s. to 120s 
per 1000 ft. super. 

Birch (Betula tpp .).—The common birch (B. alba ) is lees important as a source of 
wood than os affording an einpyreumatio oil. Its wood is neither strong nor durable, 
but is easily worked, moderately hard, and of straight and even grain, rendering it 
useful for chair-making, cabinet-making, and light turnery. The American red bird 
( B . rubra ) has similar uses. The black or cherry birch {B. lenta [mgra]) of N. Americs 
is superior to all others, and imported in logs 6-20 ft. long and 12-30 in. diam. far 
furniture and turnery. Quebec birch is worth SI. 5t.-4l. 15«. a load. There is a so-called 
“yellow birch’ iu Newfoundland, known also as “witch-hazel.” 

Birch [White or Black-heart] (Fagot tolandri ).—A lofty, beautiful evergreen tree 100 
ft. high, trunk 4-5 ft. diameter. The heart timber is darker than that of Fagot ft** 
and is very durable. This wood is well adapted for fencing and bridge piles. Tbe 
tree occurs only in the southern part of the North Island of New Zealand, but ii 
abundant in the South Island up to 5000 ft. 

Blackwood (Acacia mdanoxylon) is one of the most valuable Australian woods. It* 
extensively used in the construction of railway carriages, aud is well adapted for light 
and heavy framing purposes, gun-stocks, coopers’ staves, and turners* work, and in this 
respect contrasts favourably with most of the English woods; and, from the facility with 
which it is bent into the most difficult curves, it is highly prized for buggy and gig 
shafts, Ac. Within the last few years it has been introduced extensively into the mM* 
facture of the finer description of furniture, such as drawing-room suites, and is (band 
far superior to walnut, owing to its strength and toughness. Blackwood resembles 
in figure different woods, such as walnut, mahogany, rosewood, zebiawood, to 
Formerly mahogany was extensively imported for the purpose of manufacturing bfllissl 
tables; but at the present time blackwood has taken the place of mahogany in tbs 
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ned tnnnufncturo. It is prouonncnd to bo far superior lo the best Ppnuiali 
f far this purpose; owing to its dimity acid resisting qualities, it is acted 
ilightly by the changes of weather, and U capable of taking a fine polish, 
jed from the dark-brown colour of the mature wood, which becomes block 
shed with lime-water* In moist shaded localities, the tree grows more 
and the wood is of a much lighter colour; bunco this variety is called 
ood” in Hobart Town, to distinguish it from the other. Diameter, 1} to 
emge, about 2\ ft, ; height, CO to ISO ft.; sp. gmv., about O'855. Found 
at Tasmania, hut not abundantly in any on© locality. Price, about 12*. to 
00 ft super., in the Jog. 

Bunt* tempervirtts },—The common evergreen box is a native of Europe as 
15 N, let., and is abundant in S. and E, France, Rpaio, Italy, the Black 
Puma, N. Indio., China, und Japan. For some years peat the supply of this 
wood has dimLnisbed in quantity and risen in price. It is mainly derived from 
Is of the Caucasus, Armenia, and the Caspian shores. The wood of the 
ity comes from the Black Sea forests, and is principally shipped from the 
i?ti. The produce of the Caspian forests known in the trade ns u Persian," used 
* exported through the Black Sea from Taganrog. This found its way, after 
tenement of the Rusao-Turkieh war, via the Volga canal, to St Petersburg, 
luce of the Caspian forests is softer and inferior in quality to that of 
c Sea, It is a large article of trade with Russia, reaching AstmkJmn and 
rgoxod in the spring, and being sold during the fair. It recently amounted to 
rod* (of 36 lb.}. True Caucasian boxwood may be said to be commercially 
mt, almost every marketable tree having been exported. The value of the yet 
Abkhasian forests has been much exaggerated, many of the trees being either 
r hollow from old age, and most of the good wood having been felled by the 
ns previous to Russian occupation. The boxwood afe present exported from 
^d supposed io be Caucasian, cornea from the Persian provinces of Mazanderau 
in, on the Caspian. Boxwood is characterized by excessive hardness, great 
venncaa and closeness of grain, light colour, and capacity for taking a fine 
donee it is very valuable for wood-engraving, turning,, and instrument-making, 
area box <B. balearica), found in several of the Mediterranean islands, and in 
or, yields a similar but coarser wood, which probably finds its way into com- 
die approximate value of Turkey box is 6-201, a ton, 

iustraliuu] {Tristamu confer la) grows in Queensland to 10 ft, in height, and 
in diameter ; the wood is invaluable for ship-building, ribs of vessels made 
iring been known to last unimpaired upwards of 30 years, 

Spurious] {Eucatypt us leuc&njlon) u u valuable Victorian timber, of a light-grey 
d greasy nature, remarkable for the hardness and closeness of its grain, great 
tenacity, and durability both in the water and when placed on tbo ground. It 
ufed by coacbmakers and wheelwrights for the naves of wheels and for heavy 
and by millwrights for the cogs of their wheels. In ship-building it bus 
i and important applications, and forma one of the best materials for treenails, 
rking into large screws in this and other mechanical arts, 
irey Box [2?, deafon/a] is another species, used for similar purposes Lo the 
’* 

leaf {Grisdinta littaralU ).—An erect and thickly branched hush tree, 5(W50 ft, 
ink 3-10 ft, diani. Wood splits freely, and is valuable for fencing and in ship- 
; some portions make handsome veneers. Grows chiefly in the South Island 

calami ami near the coasts. 

[h-af nr Almond (Teruimaka loti folia). —This is a Jamaica tree, growing 60 ft 
ie main branch©*, anil 3|-?» ft, diam. It Ik used for tinder*. boards, shingles, and 

i i m lu AS Ik n/tnK ft - ionuKinir (iM-hi. Ifillil Ik , W 
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Bullet-tree (Mimwopa Balala ),—This tree is found m the W, Indies and Central 
America, Its wood is very hard and durable, and fitted for moat outside wort - *t h 
used principally for posts, sills, and rafters. It warps much in seasoning splits easily, 
becomes slippery if used as flooring, and is very liable to attacks of een-wonns. iti 
weight is 65 § lb. a cub. fL; crushing-forco, 14,330 lb. 

Btmyn-bunyn (Araucaria BidwiUii) arrows to the height of 100-200 ft, and attains 
a diameter of 30-18 in. This noble tree inhabits the scrubs in the district between the 
Brisbane and the Burnett rivers, Queensland, and in the 27th f»araIM it extends orn 
tract of country about SO miles in length and 12 in breadth* Hie timber is strong and 
good, and full of beautiful veins, works with facility, and takes a high polish. 

Cedar [Australian Red] (Cedrda Qvsfraltsy —This tree is a native of Australia, whew 
it boa been almost exterminated, the timber being found so useful in housebuilding (far 
joinery, doors, and sashes) aud Ixint-bmlding, Its weight is 35 lb* a cub* ft.; breaking- 
weight, 471 lb* 

Cedar [Bermuda] (Junipenw UrroudfaTiu),—This species is a native of the Bermuda* 
and Bahamas* Its wood much resembles that of Virginian Cedar, and ia used fm 
rimflar purposes, as well as for ship-btiiMing* It is extremely durable when ventOatfd 
and freed from sapwood. It lasts 150 200 years in houses, and 40 years os outside ship- 
planking* It is difficult to get nbovo 8 in. aq. Its weight is 46—17 lb. a eub. ft* 

Cedar [Lebanon] (Ahtet Cedtm [Cecfrtw lAban *]).—This evergreen tree Is a native tf 
Syria, and probably Cirndia and Algeria* Thu trunk reaches 50 ft- high and 31-39 la. 
diaro. The wood is said to be very durable, and to have been formerly extensively o«d 
in the construction of temples* It is straight-grained, easily worked, readily splits, *iri 
is not liable to worm* Its weight is 30-38 lb. a cub. ft.; cohesive force, 741)0 lb. a iq, 
in,; strength, 62; stiffness, 28; toughness, 106, 

Cedar [New Zealand] (Littocedru* Daniana and L. Bidmllit ).—Of the spodrs, the 
former, the hamoka of tho natives, Ib » fine timber tree 6fMOO ft. high, yielding 
fine-grained wood, useful in fencing, house-blocks, piles, and sleepers. It weighs 30 lb 
a cub* ft; breaking-weight, 400 lb* The wood runs 3 to 5 ft. in diameter, and h 
reddish in colour ; it is used by tho Maoris for curving, and is said to be excellent far 
planks and spare. The second species, called pafwntea by the natives, reaches 00 to 
80 ft. high and 2 to 3 ft, in diameter. In Otago it produces a dark-red free-working 
timber, rather brittle, chiefly adapted for inside work. The timber bos been used far 
sleepers on the Otago railways of late years, and is largely employed for fearing 
purposes, being frequently mistaken for Tohua. 

Cedar [Virginian Bed] {Juniperun virginiana ).—This small tree (45 to 50 ft high nod 
8 to 18 in, in diameter) inhabits dry rocky hillsides in Canada, the United States, am i V.’ 
Indies, and flourishes in Britain* Tho wood is much used in America for wardreib** 
drawers, boxes, and furniture, being avoided by all insects on account of its strong 
odour and flavour* It is light, brittle, and nearly uniform in texture. It is vcfi 
extensively employed for covering graphite pencils, being imported in logs 6-10 in tfp 
It weighs 40J lb* a cub, ft* The heartwood is reddish-brown, the sap wood is white, 
straight-grained, and porous* It possesses about f the strength of red pine, if 
easily worked, shrinks little, and ta very durable when well ventilated. A resinnta 
exudation makes freshly-cut timber hard to work* 

Cedar [W* Indian or Havatma] (Gsdreia odorafa).-^This tree is a native chieflj of 
Honduras, Jamaica, and Cuba, having a stem 70 to 80 ft high and 3 to 5 ft diom*, siri 
exported in logs up to 3-d ft. sq* Its wood is soft, porous, and brittle, and used chirfJj 
for cigar-boxes and the inside of furniture. It makes durable planks and shinglca* la 
weight is 36 lb. a cub. ft,; crushing-weight, 6600 lb.; breaking-weight, 400 lb* Tk* 
approximate London market values are 4-51d. a ft* for Cuba cedar, and 4-6{d* U 
Honduras, Ac* 

Oeda Boom (IFtVWrtnpfonia juniptroid **)*—This tree is found in N* and W. 
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and its wood fa need for floors, roofs, and other building purposes, but will not 
i« weather, 

[Australian] (&ocat 7 Hw evpre*tfform») is a soft, fine-grained timber, end 
beat Australian wood for earring. It reaches a height of 20-80 ft*, and a 
er of 9-15 m.; its *p. gr* is about 0*785. It is used for tool-handles, spokes, gun- 


i (Castor**? Kies).—Thu, tiro sweet or Spanish chestnut, is said to be a 
of Graeoe and W. Asia, but grows wild also in Italy, Franco, Spain, N, Africa* 
America* It life® to 1000 years, but reaches its prime at about 50, when the stem 
i 40-60 ft. long and 3-6 ft diam* The wood is hard and compact: when young, 
ugh and flexible, and as durable as oak; when old, it ia brittle and shaky. It 
A shrink *>r swell ao much as other woods, and is easier to work than oak; but 
jfca when built into walk It is valued for hop-polos, palings, gate-posts* stakes, 
tuilar purposes* Its weight is 43-54 lb* a cub. ft.; cohesive force, 8100 lb*; 
lb, 68; stiffness, 54; toughness, 85. The wood much resembles oak iu appear¬ 
'd! can be distinguished by having no distinct large medullary rays. The annual 
ie very distinct ; tb© wood boa a dark-brown colour; the timber is slow of growth* 
k no iapwooel 

(CitpeMM *rmperviren #)>~-'This tree ia abundant in Persia and the Levant, 
hrated ld all countries bordering the Mediterranean, thriving best in warn sandy 
filly soil, and reaching 70-90 ft high, i ts wood is said to be the most durable of 
V furniture, it is stronger than mahogany, and equally repulsive to insects. In 
and Candid it is much used for building* It weighs about 40-41 Ik a cub, ft. 
fimsa pine (OiSthii cfllmusflflHs) is a plentiful tree in Queensland, attaining a 
er of 40 in. It ia in great demand for piles and boat-sheathing* as it resists the 
i of cobra and while ants. The wood is worth 1201, per 1000 ft, super* The roots 
sod veneers. 

rfc yellow wood (Rhu* rhodanthema) grows m Queensland to a moderate size, 
g planks up to 24 in* wide; the wood is soft, fine-grained, and !>enutifully 
and ia highly esteemed for cabinet work, being worth 100 to 120a* per 1000 ft. 

1 [Whit ej White Fir, or Norway Spruce {Abie* —This tree inhabit! the 

linens districts of Europe, and extends into N. Asia, being especially prevalent in 
f. It rans to 80-100 ft* high, and about 2-3 ft. max* dmm. The tree requires 
years to roach perfection, but is equally durable at all ages. It is ranch imported 
rj and deals, the latter about 12 ft long, 3 in* thick, mid 9 in. wide. The wood 
veil, and is very durable while dry, but tnuah more knotty than Northern Pine, 

>-grained and does well for gilding on, also for internal joinery, lining furniture, 
icking-eases. A principal use is for scaffolds, ladders, and masts, for which 
it is largely imported from Norway iu entire trunks, 30-60 ft, long, nod G-8 in* 

: lain. It is shipped from Christ ianis, Friedrichetad t* Diontheim, Gotten burg, 
farm St. Petersburg, Ac. Christiania deals and battens aro reokoned best for 
ng and upper floors; Friediichatadt have small black knots; lowland Norway 
od Warp in drying; Gotten burg are atringy and mostly used for packing-cases; 
we next in quality to Norway, then Riga; St. Petersburg shrink and swell even 
tinting. The wood is generally light, elastic, tough, easily worked, and extremely 
e whoa properly seasoned. It weighs 23-34 lb. a cub* ft; cohesive force, 
2JO0O lb* a sq. fn*; strength, 104 ; stiflhess, 104; toughness, 104* The wood is 
ih-white or brownish-red, becoming bluish by exposure. The annual rings are 
defined, the surface has a silky lustre, and the timber contains many hard glossy 
It xj soft, warps much unices restrained while seasoning, and locks durability ; 
mk#r than red and yellow pine, less easily worked* and apt to snap under a. vo&taca 
It is s nice wvod for dresser-thelvea, and /uommem tables, but sbouYduot 

is. % 
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less than 1 in, thick, on account of warping. The knots are liable to turn the pkna 
iron. 

Deodar (CWfrwr Dewfom).—This tree is found in the Hiintilayaa at 5000-12,000 ft, 
and on the higher mountains from Nepal to Kashmir, measuring 150-200 f t. high, and 
over 30 ft circ. Its wood is extremely valuable for all carpentry, and most generally 
used in the Punjab for building. Its weight is 37 lb. a cub, ft; breaking-weight, 
520 lb. 

Dogwood,—The American dogwood (Cornus jtorida) is a tree 30 ft. high, common in 
the woods of many ports of N. America, Its wood is hard, heavy, and close-grained, and 
largely used locally for tool-handles ; it has been imported into England w ith some surer* 
as a substitute for box in making shuttles for textile machinery. The black dogwood or 
alder buckthorn (JZkmntii Fran^ttla) is abundant in Asia Minor, and affords one of the 
best wood charcoals for gun powder* making. The principal uses made of Bahama dog* 
wood (Fiscidia Erythrtna) are for fellies for wheels and for ship timber. From id 
toughness and other properties, it is bettor adapted to the former purpose Item any other 
of the Bahamian woods. The tree does not attain any considerable size, uud is generally 
crooked i a rather soft, open-grained, but very tough wood. 

Doom or Earned Boom {Acacia korrida).—This tree is ft native of 8. Africa, ted 
affords email timber used for fencing, spars, fuel, and charcoal. 

Ebony {Vtotpyro* —The be*t and most costly kind of ebony, having the 
blackest and finest grain, is the wood of D, reticulata> of Mauritius. The E. Indian 
species, D . jlfetenoiyfon and D. Ebmtadert also contribute commercial supplies, tad 
another kind is obtained from D. Ebenum^ of Ceylon. The heart wood of the trunk 
these trees is very hard and douse, and is largely used for fancy cabinet-making, mosaic 
work, turnery, and small articles. The approximate London market values are 5-2AL * 
tou for Ceylon, and 3-12Z. for Zanzibar, Ac. 

Elm (Uhnu* *pp.).—Five species of elm are now grown in Britain :—The conauwfl 
rough-leaved (E7. is frequent in scattered woods and hedges in B. English 

and in France and Spain, attaining 70-80 ft. high, and 4 ft. diam. Its wood U harder wh! 
more durable than the other kinds, and is preferred for coffins, resisting, moisture wdl* 
The corktd-bnrked ( £7, suterewa) is common in Sussex, but the wood is inferior. The browb 
leaved wych-elm or wyeh-bazel (£7. moafano) is most cultivated in Scotland and Irekildi 
reaching 70-80 ft, high and S-4§ ft. dlam. The smooth-leaved wych-elm (£7. gW* 
abundant in Essex, Hertford, the N. and N.-E. counties of England, and in Scotland, 
growing to a large size. The wood is tough and flexible, and preferred for whecd-niw 
The Dutch elm (£7. major), the smallest of the five, is indigenous to Holland; its wood 
is very inferior. Elm-trunks average 44 ft, long and 32 In. diam. The wood is very 
durable when perfectly dry or constantly wet. It is not useful for general buildiug, hut 
makes excellent piles, and is used in wet foundations, waterworks, and pumps; also for 
wheel-naves, blocks, keels, and gunwales* It twista and warps in drying, ^ritiks cose 
aide rably, and Is difficult to work; but is not liable to split, and bears the driving of 
bolts and nails very well. Its weight is 34-50 lb. a cub. ft.; cohesive force, 6070- 
13,200 lb.; strength, 82 ; stiffness, 78 ; toughness, 86. The colour of the heart word U 
a reddish-brown. The anpwood is yellowish-or hrnwuish-wLite, with pores inclined In 
rod. Tbo medullary my a are not visible. Tho wooil is porous and very twisted in 
grain ; is very strong across the grain; bears driving nails very well; is very fibrm 
douse, andStou^b, and offers a great resistance to crushing. It has a peculiar odour, and 
is very dumb!** ifSkept constantly under water or constantly dry, but will not bar 
alternations of wet antidry- subject to attacks of worms. None but fresh-out li»g> 
should be used, for arteNtfP° suro > btfCom ® covered with yellow doaty spots, and 

decay will bo found to liavt^ e t ^ wood warps very much on account of tb<& 

invpuhujiy af its fibre. For thflfij™ 011 ^ should be used in largo scantling, or smidltf 
pieces vboitM be cutjoat f*,f <>re WpIroA*, loi Ten son it b difficult la 
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icrk The sap wood withstands decay aa well oa the heart* Elm timtior should be 
fiuftd under water to pre?cat decay. Three species of elm are indigenous to N. America, 
wdtave similar uses to the European kinds;—The common American (E7, amerkaria) 
Potu in low woods from New England to Canada, reaching 80-100 ft* high ; its 
•tol h inferior bo English* The Canada rock or mountain (f/. racemota) 1h common 
toCxuda and the N. States; the wtx>d is need in boat-building, but is very liable to 
dfflnk, and get* shaky by exposure to sun and wind ; its weight is 47-55 lb* a cub* ft, 
ftiedippery (CV/uira) give* an inferior wood, though much used for various purposes, 
Wwdin is valued at 4-5t a load* 

fooljptoa—Besides the chief species which are described separately under their 
ftflmwn names, almost ail have considerable value us Limber trees for building, 
facing* and general purposes throughout Australia. 

Fir [Silver] (Prcea'jwdfiKria).—This largo life (100 ft. high, and 3-5 ft. diam.) is in- 
fcnonj |o Europe* Asia, and N* America, growing in British plantations. It is said 
to ituiu its greatest perfection in this country at 80 years. The wood is of good 
gadity, and much used on the Continent for carpentry and ship-building* Floors 
d it remain permanently level It is liable to attacks of the worm, and Wto longer 
iatii than in water. It weighs about 25| lb. a cub* it. 

Greenheart or Bibiri (NectamJra Bodmi [Isuoant/ai]).—This celebrated ship-building 
»wd is a native of British Guiana, and has been largely exported from Domerura 
to English dockyards. It gives balks 50-G0 ft* long without a knot, and 18-24 in, 

*b of bard, fine-gTained* strong, and durable wood* It is reputed proof against sca- 
»ona# t and placed in the first class at Lloyd's; it is very difficult to work, on 
■wornd of it* splitting with great force* Its weight Is 58-05 lb, a cub, ft.; crush* 
tSg-wcight, 12,000 lb*; breaking* weight, 1424 lb. Tlie see lion is of fine grain, and 
fail of fine pores. The annual rings are rarely distinct. The jicartwood is dork- 
£t*n or chestnut-coloured, the centre portion being deep brownish-purple or almost 
tick; the sap wood is green, and often not recognizable from the heart. An essential 
"il it to bum freely. It comes into the market roughly hewn, much bark being 
toft <*n the angles, and the ends of the butts arc not cut off square. 

Gom [Bloc] {Eucalypti** GlobtUtui ).—'This Australian and Tasmanian tree is of rapid 
pflrth. and often reaches 150-300 ft. high and 10-20 ft. diam. Its wood is hard, com- 
1*4, difficult to work, and liable to split, warp, and shrink in seasoning* It Is used for 
ffw*trol mrpentry and wheel-spokes. Its weight is GO lb. a cub* ft.; crushing-force, 
'uUOBh; breaking-weight, 550-000 lb. It is employed in the erection of buildings, for 
b-iina ^ts, Ac*, and for railway sleepers, piers, and bridges. It Is also well adapted 
^iipkdldbg purposes; from the great length in which it can always be procured, 

h (spatially suitable for outside planking, and has boon used for masts of vessels, 
dewing to its groat weight, for the latter purpose lias given place to Knurio ; it is 
*k> U&t and used for street cab shafts, to* 

Gam [Red] {Eumlyptu* rodrata) } of Australia, is a very hard compact wood, poasusa- 
a my handsome curly figure; it in of light-red colour, and suitable for veneering 
pwjx*ei furniture ; it is largely used for posts, resembling jnrrah in durability. Pro- 
P*fif «Uctod and seasoned, it is well adapted for ship-building, culverts, bridges, 
*Unea, railway sleepers, engine buffers, Ac. 

C*itun [White or Swamp] Eucalyfitw ttiffirnah*}.-—This tree is found chiefly in Too- 
tLa fth, and a variety called the Tuvart occurs m W* Australia. The wood b valued for 
Ito p-sit strength, and is sometimes used in ship-building, but more in house-building, 

*&<! for purpose* where weight is not an objection* It is sound and durable, shrinks 
ktok, but has a twisted grain, which mokes it difficult to work. Its weight is about 
ft lb 1 cub* ft.; crushing-force, 10,000 lb.; breaking-weight, 730 lb* 

Hickory or White Walnut (Carya [Jugfan *J alba ),—There ore about a dl 

Batfm of aV, America forming large forest trees. Their timbtt u cuprate' 
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grained* and very strong, tough, and heavy ; but is unsuited for building* as it does uot 
bear exposure to the weather, and is much attacked by insects. It is extensively used 
where toughness and elasticity are required, such as for barrel-hoops, prosHos, hindlai, 
shafts and poles of wheel carriages, fishing-rods, ami even light furniture* The meat 
important is the shell-bark, acaly-bnrk, or shag-bark (fr alba), common throughout the 
AJleghanies from Carolina to New Hampshire, growing £0-90 ft. high and 2-3 ft. diam. 

Hickory [Australian] {Acacia mypworn) is a valuable wood for many purposes* It 
is exceedingly tough and elastic, and would make good gig shafts, handles for inelx 
gun-stocks, fc Tull straight spars, fit for masts, can be obtained 50 to 1Q0 ft. long 
and 18 in* in dinm. 

Hiuau (Elxocarpu* dentatus). —A small tree, about 50 ft, high, and 18 in- thick in 
stem* Wood, a yellowUh-brewn colour and close grained, very durable for fencing atri 
piles. Common throughout New Zealand, Makes a very handsome furniture wood 

Hinoki (ItetinMpora uhlust i) enjoys tho highest repute in Japan for building ptir 
poses* The tree grows with amazing rapidity and vigour, and its wood is used rim* 
exclusively lor the structure and furniture of the temples, generally unvarnished, h 
gives u beautifully white even grain under the plane, and withstands damp so well that 
thin strips are used for roofing and last a hundred years. The wood is soft enough to 
take the impression of the finger nail 

Hornbeam (Cvrpinus Bdulus ).—Notwithstanding that the wood is remarkable for 
its close grain, even texture, and consequent strength, it is seldom used for structural 
purposes. To a certain extent Ibis is attributable to the tree not usually growing to 
a very large size, and also to the fact that when it does it is liable to become shaky 
Hornbeam lioa of late been much more largely used in this country than formerly, ft 
having been found to be peculiarly adapted for making lasts used by bcotmakera This 
wood being sent to this country in considerable quantities from France* led to tho 
discovery that it was being used almost exclusively for the above purpose, aud that it 
was imported in sacks, each containing a number of small blocks, in shape of the rough 
outline of a lust. The advantage over other woods, and even over beech, which iuu 
hitherto been considered the best wood for last-making, is that, after the withdrawal 4 
nails, the holes so made close up, which is not the case with most other woods. Tli* 
wood is white and close, with the medullary rays well marked, and no sapwoocL Under 
vertical pressure, the fibres double up instead of breaking. It stands exposure well 

Horoeka, or Ivy Tree (Panax eras*ij Wium),—An ornamental, slender, and sparingly 
branched tree* The wood is close-grained and tough* Common in forests throughout 
Now Zealand. 

Horopito, Pepper Tree, or Winter's Bark (Drimyt axillaris ),—A small, slender, cm* 
green tree, very handsome* Wood very ornamental in cabinet-work, making liudtutuo 
veneers. Grows abundantly in forests throughout New Zealand. 

Irembark (Eucalyptus rcsinifans ).—This rugged tree is found in most purls of the 
Australian continent, frequently reaching 100-150 ft. high and 3-6 ft diatm, the mad 
market logs being 20-40 ft. long and 12-18 in. sq* Its wood is straight-grained, vefj 
dense, heavy, strong, and durable, but very difficult to work. It is liable to be shaky* 
and can only be employed with advantage in stout planks or largo scantlings* Ik 
weight is 641 lb* a cub. ft,; crash in g-foroc, 9921 lb.; breaking* weight, 1000 lb. It fcn»i 
one of the hardest and heaviest of the Australian woods, and is highly prized by tbo 
cooclimaker and wheelwright for the pedes and shafts of carriages and the spokes uf 
wheels. Its greasy nature also renders it serviceable for the cogs of heavy wheel*, xo4 
it is valued for many purposes in shipbuilding. 

Irouwood [€ape] (Otm auduZata),—This S, African wood, the tambooU or Hood* rf 
tho natives, is very heavy, flue-grained. and durable, and is used for waggon-oih* 
wheel-cogs, spokes, telegraph -poles, railway-sleepers, and pika* This is the ** black* 
iron wood. The 11 white lt ( Vepris lanceolata) is used for similar purposes. 
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Jack, or Ceylon Mahogany (Artocarpu* tnlcgrifoUa ),—This useful tree is a native of 
the K. Adiipftkgei, and is Widely cultivated in Ceylon, 8. India, and ail the warm parts 
**f As hi, mainly as a shade-tree) for coffee and other crops. Its wood id in very general 
ujmj locally for making furniture; it is dumbly and can bo got in logs 21 ft. long ami 
17 in. dtnm. Its weight ia 42 lb. a cub. ft,; breaking-weight, 600 lb, 

jock [Jungle], or Aujitli (Artocarpu* hirsute ).—This species is remarkable for size 
of fttqm, and ia found in Bengal, Malabar, and Burma. Its wood is strong and close- 
grained, and considered next in value to teak for ship-building. Its weight is 38-40 lb. 
a cub. fL; cohesive force, 13,000-15*000 lb.; breaking-weighty 740 lb, 

Jor&l {Lagerstr&mia reginx} is a valuable Umber tree of Assam, giving a light 
■almoo-<soiouied wood, with coarse uneven groin, very hard and durable, and not liable 
to rot under water. It is used chiefly in bookbuilding and for house-posts. Full-sized 
trass ran 33 ft high and 7-8 ft in girth, fetching 61.-81 each. 

Jar rah, Australian Mahogany, or Flooded or Red Gum (Eucalyptus m<i rginata). — 
Thha tree attains greatest perfection in W. Australia, reaching 200 ft, high. Its wood is 
hard* heavy, dose-grabix!, and very durable in salt and fresh water, if cut before the 
rising of the sap. It is best grown on tbo hills. It resists eeo-worms and white ants, 
ntnkriug it specially valuable for ships, jetties, ruil way-sleepers and telegraph-posts, 
but shrinks and warps considerably, so that it is unfit for floors or joinery. Logs may 
be pit 20-40 fL long and 11-24 in. sq. Its weight is C2J lb, a cub. ft,; crushing-force, 
7^00 lb.; bwoldng-weighL 500 ll>. The chief objection raised against it is that it is 
liable to * shaket, rt the trees being frequently unsound at heart. For piles it sliould be 
used whole and unhewn; thorn is very little sapwood, and the outer portion of the 
hmitwaod is hy far the harder, hence the desirability of keeping I he annular rings intact. 

Kaiwhiria (Uedijwrtja c/mfafct).—A small over green tree 20-30 ft, high; the wood fa 
finely marked and suitable for veneering. Grows in the North and South Island of Now 
Zealand, as forsooth oa Akuroa. 

Kiimalii ( B^mtaaMan* mcemoia).—A largo tree ; trunk 2-4 ft, dmm. t and 50 ft. high. 
Wood eloso-gfained and heavy, but rather brittle; might bo used for plane-making and 
other jednoriT tools, block-cutting for paper and calico printing, besides various kmd» of 
turnery and wood-engraving. Grows in the middle and southern parts of the Northern 
Island and throughout the Southern Island of New Zealand. It ia chiefly employed 
fur making the staves of barrels. 

Kanyin (Dipterocarpm alaht *).—This magnificent tree is found chiefly in Pegu and 
the Stmita, reaching 250 ft, high. Its wood is hard and cloge-gramed* excellent for all 
hoaae-bniMing purposes, but not durable in wot* Its weight is 45 lb. a cub. ft.; 
breaking*weight* 'ISO lb. Another species (D, furii/nafus), found in Assam, Burma, and 
the Andamans, ia similar, and much used by the natives in house-building. 

Kauri, Cowrie, or Pitch-tree (Dommura awstraiui)*—This gigantic conifer ia u native 
of New Zealand, growing 8(M40 ft, high, with a straight dean stein 4-8 ft, diom. The 
wood la close, even, fine-groined, and free from knots. It is chiefly used and well 
adapted fir masts and spurs; also for finery, os it stands and glues well, and shrinks 
1 * 4 # than pine or 6r. But it buckles an . -Xpands very much when cut to narrow strips 
(or inside mouldings. Its weight 35-40 lb. a eub. .L cohesive force, 0600-10,960 lb. 
a sq, in, The timber is in hi^. repute *or deck and other planking of ships. It poa- 
K F 4ot« great durability* logs which had been buried for many yearn being found in sound 
condition, and used as railway sleepers. In tbo Thames goldfield it supplies the mine 
props, itruU, and cap pieces. It Is the chief timber exported from New Zealand, Some 
of the largest and soundest sticks have richly mottled shading, which appears to be ao 
abnormal growth, duo to tho bark being entnnglod in tbo ligneous portion* causing 
shaded parts, broad and narrow, according as the timber ia cut relative to their planes ; 
mmh examples form a valuable furniture wood. Tho lieartwood is yellowish-white flino 
and straight in grain, with a silky lustre on the surface. 
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Kohe-kohe {Dymzyltim iipectabil #)*—A large forest tree, 40-50 ft, Idgh, Wood 
tongh, but aplitb freely, and lb considered durable as piles under sea*water, Grow* in 
the North Island of New Zealand, 

Kohutohutu (Fuchsia exeorttcaiay — A small and ornamental tree, 10-30 ft, high; 
trunk sometimes 3 ft, in diameter. It appear* to furnish a durable timber. House Uocb 
of this, which Lave been in use in Dunedin for more than 20 years, aru still sound and 
good. Grow* throughout New Zealand, 

Kohwai (Sophora tetraptera ').— A era all or middling-sized tree. Wood red ; valctabla 
for fencing, being highly durable; it in also adapted for cabinet-work. It is uiod for 
pile* in bridges, wharves, &o. Abundant throughout New Zealand, 

Larch [American Black], Taroarak, or Hackmatack (Latix pcndula'). —This tree 
ranges from Newfoundland to Virginia, reaching 8O-I00 ft, high, and 2-3 ft, diara, The 
wood is said to nearly equal that of the European Bpedea. 

Larch [Common or European] (Lartjc europmt),—This spedeau a native of the Swiss 
and Italian Alps, Germany, and Siberia, but not of the Pyrenees nor of Spain, The Italian 
inmost esteemed, and hue been considerably planted in England, The tree grows straight 
and rapidly to 100 ft, high. The wood is extremely durable in all situations, aucL aj 
posts, sleepers, &o., and is preferable to pine, pinaster, or fir for wooden bridges. But it 
is less buoyant and elastic than Northern Pine, and boards of it are more apt to warp. 
It burns with difficulty, and makes excellent ship-timber, masts, boats, poet*, rails, tmd 
furniture. It is peculiarly adapted for staircases, doom, and shutters. It is more 
difficult to work than Northern Pine, but makes a good surface, and takes oil or vsrutilt 
better than oak. The liability to warp is said to bo obviated by barking the trees while 
growing in spring, and cutting in the following autumn* or next year; thin is also said 
to prevent dry-rot, The wood weighs 34-36 lb. a cub- ft.; cohesive force, 600® 
-13,000 Jb.; strength, 103: stiffness, 79 ; toughness, 134, The wood is honey-yefimf 
or browntoh-white in colour, the bard part of each ring being of a redder tinge, silky 
lustre. There are two kinds in this country, one yellowish-white, cross-grained, usd 
knotty ; the other (grown generally on u pour soil or in elevated positions) reddish-brow^ 
harder, and of a straighter grain. It is the toughest and most lasting of all the conifemm 
tribe, very strong and durable, shrinks very much, straight and even in grain* free from 
large knots, very liable to warp, stands well if thoroughly dry, is harder to work than 
Baltic fir, but the surface is smoother, when worked. Bears nails driven into it better 
than any of the pines. Used chiefly for posts and palings exposed to weather, mil way 
sleepers* flooring, stairs, and ether positions where it will have to w ithstand wear. 
Lignum-vitro (Gvaiacum offioinate). — This tree grows chiefly on the south aide of 
Jamaica, and affords one of the hardest and heaviest woods, extremely useful for tin 
sheaves and blocks of pulleys, for which purpose it should be cut w ith a band of sip- 
wood all round, to prevent splitting* Its weight is 73 lb. a cub. ft.; crush mg-weight, 
99i)0 lb, The approximate London market value is 4-101. a ton. Lignum-vitas grew* 
on several of the Bahama islands, and is generally exported to Europe and America 
The principal use made of it in the Bahamas is for hinges and fastenings for hod** 
situated by the sea shore or in the vicinity of ealt ponds on the islands, where, from tbs 
quick corrosion of iron hinges, &e., metal is seldom used. 

Locust-tree (Hymenxa Courharil ).—This tree is a native of 8. America, and is found 
also in Jamaica. Its wood, is Lard mid lough, and useful for house-'building* Its weight 
is 42 lb, a cub. ft.; crushing-force, 7500 lb.; breaking-weight, 750 lb. 

Mahogany (Swietenia Mahagant ).—This tree is indigenous to the W. Indies and 
Central America, It ss of comparatively rapid growth, reaching maturity In about 
200 years, and. the trunk exceeding 40-50 ft. lung and G-12 ft dium. The wood is very 
durable in the dry, and not liable to worms* Its costliness restricts its use chiefly to 
furniture; it Los been extensively employed in machinery for cotton'mills. It shrink! 
rep}' warps and twists less than any other wood, and glues exceedingly welL, ft 
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i imparted in logs: those from Cuba, Jamaica, Sun Domingo, known ns H Spanish/* 
rt about 20-26 in. Bq. and 10 ft. tengj those From Honduras, 2^4 ft. sq. and 12-14 ft. 
eng. The if eight is 35-53 lb. a cub. ft.; the cohesive force is 7560 lb. in Spanish, and 
11,415 IK m Honduras ; the strength, stiffness, and toughness are respectively 67, 73, 
Mid 61 in Spanish, Q °d 96, 93, and 90 in Honduras. The tree attains its greatest 
development and grows most abundantly between 10° N. Int. and the Tropic of Cancer, 
i^arkhiiig best on the higher crests of the bills, and preferring the lighter soils. It 
k fom>d in abundance along the banks of the IKumadiitn, and other largo rivers 
dewing into the Gulf of Mexico, as well as in tho larger islands of the W. Indies. 
Bnikh iefcttements for cutting ami shipping the timber were established so long ago 
m 163S-40, and the right to the territory has been maintained by Great Britain, chiefly 
fin amount of the importaneKi of this branch of industry. The cutting sen son usually 
commences about August. It is performed by gangs of men, numbering *20-50, under 
diftctian of a u captain M and accompanied by a 11 huntsman/ 1 tho duty of the latter 
befog tu scareU out suitable trees, and guide the cutters to them. The felled trees of a 
feucm ire scattered over a very wide area. AH the larger ones are “ squared** before 
King thought away on wheeled trucks aloug the forest roads made for the puiqioee. By 
Moffih-April, felling and trimming are completed; the dry season by that time permits 
the trucks to be wheeled to the river-batiks. A gang of 40 mon work G trucks, each 
requiring 7 pair of oxen and 2 drivers Arrived at the river, the logs, duly initialed, are 
thru* a into the stream; the rainy season follows in May-.June, and the rising current 
tirm-s them seawards, guided by men following iu canoes. A boom at the river-mouth 
■ftp* the timber, and enables each owner to identify his property. They are then uiatlo 
hjj into rails, and taken to the wharves for a final trimming before shipment. The 
a&ttcm often continue their operations far into the interior, and over the borders into 
Gn*umala and Yucatan. Bahama mahogany grows abundantly on Andros Islam! and 
otiujfs of the Bahama group- It is not exceeded in durability by any of the Babamu 
vrote It grows to a large size, but is generally cut of small dimensions, owing to tho 
v«4 of proper reads and other means of conveyance. It is principally used for bed’ 
tt'wii* 4r_ and the crooked trees and branches for ship timber. It is a fine, hard, 
riw'*gnunt*h moderately heavy wood, of a fine, rich colour, equal to that of Spanish 
sab ..fifiy, nlthough probably too hard to be well adapted for the purj>oaca to which 
tte litt* * i» usually applied. Honduras is bust for strength and stiffness, while Spanish 
h Qaott valued for ornamental purposes. The Honduras woof! is of a golden or red’ 
hewn odour, of various shades and degrees of brightness, often very much vet nod and 
The grain is coarser than that of Spanish, and the inferior qualities often 
oiafcun many grey specks. This timber is very durable when kept dry, but does not stand 
weathaf well. It is seldom attacked by dry-rot, contains a resinous oil which 
pt-teate iho attacks of insects, and is untouched by worms. It hi strong, tough, and 
haibk when fresh, but becomes brittle when dry. It contains a very small proportion 
®f **p, and is very free from shakes and other defects. The wood requires groat caro 
3 ****xing, does not shrink or warp much, but if the seasoning process Is curried cn 
ku apidJy it is liable to split into deep shakes externally. It bolds glue very well, bos 
* toil rilky grain, contains no acids injurious to metal fastenings, and is less com bust i hie 
most timbers. It is generally of a plain straight grain and uniform colour,.but 
h nnnethnEB of wavy grain or figured. Its market forms ure logs 2—4 ft. sq. and 
tt-M ft. m length. Sometimes planks have been obtained 6-7 ft. wide. Mahogany 
iibown in the market as u plain/* 11 veiny/* 41 watered/* 44 vel vet-cowl,'* “ bird’s-eye^ and 
" hvtooned,** according to tho appearance of tho vein-formations. Cuba or Spanish 
tekigany is distinguished from Honduras by a white, chalk-like substance which fills its 
Tlic wood is very sound, free from shakes, with a beautiful wavy grain or figure, 
ol capable of receiving a high polish. It is used chiefly for furniture and ortuMi&ul&X 
crpofi^s, und for ship*building, Mexican shows the characteristics of ld<juduio.A, 
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Borne varieties of it aro figured. It may be obtained in very large sixes, but the wwd 
id spongy in iho centre, and very !mbits to starahukeft. It is imported in balks 1 

in. sq, t and 18-30 ft. in length. St. Domingo and Nassau are bard, heavy varieties, if 
deep-red colour, generally well veined or figured, and used for cabinet-works. They w* 1 
imported in very small logs, 3-10 ft. long and 6-12 in. sq. 

Mahogany [African] (Swietenia Mentgalentiay — This bard and durable wood U 
brought from Sierra Leone, and is much used for purposes requiring strength, Imrdnf*^. I 
and durability. But it is very liable to premature decay, if the heart is exposed in 
felling ot trimming. 

Mahogany [E. Indian].—Two species of Swieienia aro indigenous to the E. Indies i— 

S. febrifuga id a very largo tree of the mountains of Central Hindustan; the wood is 
less beautiful than true mahogany, but much harder, hoarier, and more durable, bring 
considered the most lasting timber in India. 8. chloroxylon b found chiefly in tlm 
Cirear mountains, and attains smaller dimensions ; the wood more resembled box. 

Maira (SatUalum CunninghamO ).—A small tree 10-15 ft, high, 6-8 in. dianu ; wool 1 
hard, close-grained* heavy. Used by the natives of New Zealand in the manufacture 
of war implements. Hus been used as a substitute for box by wood-engravers. 

Mama [Black] (Ofau CuTminghamtiy.—Gtows 40-50 ft. high, S-4 ft diara.; timbtf 
close-grained, heavy, and very durable. Much uf this verv valuable timber is at prrnent 
destroyed in clearing the land. 

Maire-tawdiako (Eugenia matre ).—A small tree about 40 ft. high; trank 1-2 ft 
iu diam.; timber compact, heavy, aud durable. Used for moaring^posLa and jetty* 
piles on the Waikato, w here it has stood well for 7 years. It is highly valued for faoringi 
Common in swampy laud in tho North Island of New Zealand, 

Make {Athtoleiia raeemoaa ).—A small handsome tree 0-20 ft. high, quick grutdag. 
Wood very light, ami white in colour, and might bu applied to the samo purpose u 
the lime tree in Britain; it makes good veneers. 

Mango { Mangi/cra indioa ).—This tree grows abundantly in India, where numcreo* 
varieties aro cultivated, as also in Mauritius, Brazil, and m other tropical cllroild 
Its wood m generally coarse and open-graiued T but is excellent for common door* tad 
door-posts when well seasoned ; it is light and strong, but liable to snap; it is durable 
in the dry, but decays rapidly when exposed to weather or water, and is much attaekwl 
by worms and unto. Its weight is 41 lb. a cub. ft.; cohesive force, 7700 lb.; breukiiuf* 
weighl, 5G0 lb. 

Manuka (Loplospermum eriooidet ).—A small tree 10-80 Ft. high, highly ornamealal, 
more especially when loss than 20 years old. The timber can he had 28-30 ft, loug,&afl 
14 in. diam. at the butt, and 10 in. at the small end. The wood is hard and dark 
coloured, largely used at present for fuel and fencing, axo-handles and sheaves of blockt 
and formerly by the natives for spears aud paddles. The old timber, from its dart* 
coloured markings, might bo used with advantage in cabinet-work, and its grt*l 
durability might recommend it for many other purposes. Highly valued in Oiag® fur 
jetty and wharf piles, us it resists the murine worm better than any ether timber Jbunl 
in the province. It is extensively used for houso piles. The lightest coloured wood* 
called u white manuka/* is considered the toughest, and forms on excellent substitute 
for hornbeam in the cogs of largo spur wheels. It is abundant in New Zealand u * 
scrub, and is found usually on the poorer soils, but U rare na a tree in large tracts to tbfi 
exclusion of other trees. 

Staple (Acer saccknrfniwn).—The sugar-maple is liable to a peculiarity of growth* 
which gives the wood a knotted structure, whence it is called ** birdVeyo maple,** Tbo 
cause of this structure has never been satisfaatorily explained. The handsome appnf* 
utico thus given to the wood is the reason of its value in furniture and cabinet 
making, 

Mingi -Mingi or Yellow wood (Olearia avieeurdxfoliay —An ornamental shrub InA 
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diora, Wood doee-gminod, with yellow markings wluch Tender it desirable 
fc-work; good for veneers. Occurs in South Island of New Zealand. 

FWcwarT^ /crrM^iWa)*—This is a New Zealand tree, giving brownish wood 
cmg and 15-30 in. aq., useful for internal carpentry and joinery, and weighing 
iK ft. It is known as the 41 bastard black pine ” in Otago, the wood being less 
iun that of the matui or ‘'true bkick pine*’; it ia reddish, close-grained and 
i© cross section showing the heart wood star-shaped and irregular* The 
ii(milr thought to he unfitted for piles nnd marine works, except where only 
txposed to the influence of sen-water, when it is reported durable, 
oor Yellow Fine (Dacrydium Colcntoi) is a very ornamental tree, 20-80 ft, high, 
ight and yellow wood, which is one of the strongest and most durable in New 
Poets of this wooil have stood several hundred years 1 use among the Maoris, 
neatly valued for furniture* 

Mora excelio ).-—Th is tree is a native of British Guiana and Trinidad, growing 
yon sand-reefs and barren clays of the coast regions, reaching 130-150 ft, high, 
ing 18-20 in. Its wood is extremely tough, close, and cross-grained, being one 
it difficult to split. It is one of the eight first-class woods at Lloyd's, making 
keels, timbers, beams, and kneed, and in most respects superior to oak. Its 
57 lb, a cub, ft.; crushing-force, 10,01)0 lb.; breaking-weight, 1212 lb. The 
a chestnut-brown colour, sometimes beautifully figured. It is free from dry- 
ibject to starshako. Its market form is logs 18-35 ft, long and 18-20 in. flq. 
row! (j&rpfria argophylla) grows in densely scrubby places among the moun- 
* of Tasmanin, which makes it difficult to get out. This Umber never grows 
; ii has a pleasant fragrance, is of a beautiful mottled odour, and well adapted 
ring, fancy articles of furniture, pianofortes, Ac. Diam, G-I5 m, T the butt 
towards the ground to 11, and even 2§ ft,; height, 15-30 ft.; sp. grav., about 
abundant throughout the island, 

(Terminatia corwws®),—This is a common tree of Central and 8. India. Its 
ard, heavy, lough, fibrous, close-grained, rather difficult to work, unaffected by 
*» and considered extremely durable. It is used for beams and telegraph posts. 

L is (JO lb, a cub, ft.; brenking-wejght, SCO lb, 

war (Jfssua ferrea) is a valuable Assam timber, harder and mom durable than 
t not so suitable for boat-building, as it is much heavier, and difficult to work. 

180 years old, when it reaches a height of 45 ft, and a diem, of G ft, such trees 

ihSf. 

lu (Furnea Nanm u),—That portion of the Chinese province of Yunnan which 
ien 25° and 26? N. lat. produces the famous nun-mu tree, which is highly 
by the Chinese for building and coffins, on account of its durability and pleasant 
t Is Imported into Shanghai in planks measuring 8 ft, long and 13-14 in, wide, 
the big heat price is 200 dot (of 4*. 2d,) a plank, 

ia.—Tkis tree is generally found in the Pacific Islands on desert shores, or on 
s of lagoons, where its roots ore bathed by the tide. Its wood baa great weight, 
srdness, and closeness of grain. It is considered a valuable substitute for box 
iBgraving. Blocks 18 in. diam. are common, 

{Melia Jjfldtracfthl).—This is a common, hardy, and quick-growing Indian 
king 40-50 ft. high, and 20-24 in. diam. The trunk and branches are cut 
t thick planks, much used for lintels of doors and windows. The wood hi 
durable, but attacked by insects. Its fragrant odour makes It in request by 
>r doors and door-frames. It is difficult to work, takes a fine polish, and is 
joinery where strength is not demanded ; but becomes brittle and liable to 
n dry. Its weight Is 51 lb, a cub, ft.; cohesive force 6940 lb, - breakiu^-w^tA, 

er (Ikwroptiyilum ^n^/oUumX—Wood is white, marked with eatinASke 
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and is adapted for cabinet-work. Grows hi South Island of New Zealand, Is 
Lord Auckland*# group and Campbell's Island. Tho tree in the vicinity of Dutu&i 
attains a diam. of 10-12 in. 

Oak (Qnunm* #pp-).—Thu moat common British oak U Q. p«f«*sulu£is, food 
throughout Europe from Sweden to the Mediterranean, and in N* Africa and A*#. 
Its wood is tolerably straight and fine in the grain, and generally free from knots. ll 
splits fredy, makes good laths for plasterers and slaters, and is esteemed the best lbi 
for joint#, rafters, and other purposes whore a stifl^ straight wood is desirable. Thi 
11 durmast " oak (Q. pabetcens] has the irnue range as the preceding, but pradcuoiaiin 
in the German forests. Its wood is heavier, harder and more elastic, liable to wp, 
and difficult to split. Both are equally valuable in ship-building. Quantities of Ou 
timber uro shipped from Norway, Holland, and the Baltic porta, but are infeivtf to 
English-grown for ship-building, though useful for other purposes. A third kind u ll# 
cluster-fruited or “ bay ” oak (Q- acsailiflord)* Of American oaks, the moat im ported 
aro os follows: The chestnut-leaved {Q. prinot) gives a coarse-grained wood, ?dj 
serviceable for wheel-carriages. The red (Q. rubra), In Canada and the Allegheny 
affords a tight, spongy wood, useful for staves. The wood of the white oak (Q. 
ranging from Canada to Carolina, is lough, pliable, and durable, being the best erf Ito 
American hinds, but less durable than British. It is exported from Canada to Ear ft 
aa “ American oak." The iron or port oak ( Q . o6tiw£fo6u), found in the forests of 
loud and Virginia, is frequently called the ** box white oak," and chiefly used for pete 
and fencing. The tiro oak (Q. cireru*) is the best American ship-building kind, 
inhabiting the Virginian coast. Oak warps, twists, and shrinks much in drying* Ik 
weight is 37-68 lb. a cub. ft, according to the kind; cohesive force, 7850-17,5321 h ^ 
is valuable for all situations where it is exposed to the weather, &Dd where its warpiaf 
and flexibility are not objection able. Quebec oak is worth about 4L Itk-7i a W; 
DunUio and Mound, 3k 10*.-51. It is generally considered that the timber from ft# 
stalk-fruited oak is superior to that from the bay oak. The respective ckoractcra&f 
of the two varie ties areThe wood of the stalk-fruited oak is lighter in colour thsft 
the other. It has a straight grain, is generally free from knots, has numerous M \ 
dirtinot medullary rays, and good silver grain; it is easy to work and less liable to 
warp* and is better suited for ornamental work, joists, rafters, and wherever stiffm* 
and accuracy of form are required; it splits well and makes good Toths. The tush* 
of the cluster-fruited oak is darker in colour, more flexible, tougher, heavier, td\ 
harder; it has but few largo medullary rays, so that in old buildings it ho# bo* 
mistaken for chestnut ■ it is liable to warp, difficult to split, not suited for lathi I 
ornamental purposes, but is better where flexibility or resistance to shocks is reqmtsi] 
On the whole they so much resemble each other that few are able to spook pcrttMfl 
as to their identity ; but the Durmast oak is decidedly of inferior quality. GJt to) 
sometimes felled in the spring for the sake of the bark (instead of being strips 
iu the spring and felled in the winter): toe tree being then full of sap, the timhr 
is not durable. American oak has a pale reddish-brown colour, with a straight* t sal 
coarser grain than English. The timber i# sound, hard, and tough, vory «Wie* 
shrinks very slightly, and is capable of being bent to any form when steamed, ti to 
not so strong or durable us English oak, but is superior to any other foreign oak in 
those respects. It may bo used for ship-building, and for many part# of building 
It is imported in very large-sized logs varying from 25 to 40 fL in length, and fr® 
12 to 28 in. in thickness ; also in 2-4 in. planks, and in thick stuff of 4$-lQ i»* 
Dan trio oak is grown chiefly in Poland, and shipped also at Memei and Stettin. It 
is of dark-brown colour, with a close, straight, and compact grain, bright medtilhrf 
ray?, free from knots, very elastic, easily bent when steamed, and moderately durable. 
It is used for planking, ship-building, Ac. It is classified as “crown" and "crort 
brick" qualities, marked respectively W uud WW. It is imported iu togs 18-30 ft 
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(M6 in*sq t , and in planks averaging 32 ft. long, 9-15 in, wide, and 2-3 in, thick, 
ctale elraely resembles British in colour, quality, texture,and general characteristics* 
ok is grown in Russia, and is like that shipped from Dantxic, but with more 
ms and distinct medullary jays. It is valued for its silver grain, and is 
*1 m togs of nearly semicircular section, Italian (Sardinian) oak is from several 
* of the tree. It is of a brown colour, hard, tough, strong, subject to splits and 
in seasoning, difficult to work, but free from defects, and extensively used for 
hiding in her Majesty’s dockyards, u Wainscot" is a species of oak, soft and 
sorbed, not liable to warp or split, and highly figured ■ it is obtained by convert- 
i timber so as to show the silver grain, which makes the wood very valuable for 
t, and other ornamental work. It is imported chiefly from Holland and Elga, in 
cmlar lop, * Clap Boarding n is a description of oak imported from Norway, 

► to wainscot, and distinguished from it by being full of white-coloured streaks* 

C [African], African Teak, or Turtosti (Qldflddia africana).— This important W. 
i timber has lately been largely imported from Sierra Leone as a substitute for 
il teak* Though stronger than these, its peat weight precludes its general use ; 
la valuable for certain parts of ships, as beams, keelsons, waterways, and it will 
rmch heat in the wake of steamer fires, decaying rapidly, however, in con fined 
3 ilsl It warps in planks, swells with wet, and splits in drying again r it is not 
against infects. Its weight is 53-61 lb. a cub* ft; cohesive force, 17,000- 
lb. 

k [Australian].—Two bard-wooded trees of Australia fire the forest* oak (Cwtuatina 
a) and the forest swamp-oak (C* paludomi). They reach 40-60 ft, high and 
im din nr, and are used in house-building, mainly for ebingles, as they split 
a* neatly as slate* They weigh 50 lb, a cub. ft; crushing-force, 5500 lb.; 
ag-weight, 700 lb. The she-oak (fl gwdriralvk) and he*oak ((7* «tfcerosu) of 
nia are used mostly for ornamental purposes. C, leptodada aud 0. cristnta 
ier species well adapted For furniture purposes from the singular beauty of their 
They ore used for certain applications in boat-building, but rarely found to exceed 
in diameter. The wood is excellent for turnery purposes and the manufacture of 
entol work- 

i-rh’ha (.Suoaymus sp.).—The wood of this tree has been proposed as a substitute 
[wood, being extensively produced in China, imd largely used at Ningpo and 
iilacea for wood-carving* It is very white, of fine grain, cuts easily, and is well 
for carved frames, cabinets, Ac*; but it is not at all likely to supersede box-wood, 
h well fitted for coarser work, 

aj (Pys-u* communis),- —Pear-tree wood is one of the heaviest and hardest of the 
a indigenous to Britain. It has a compact, fine groin, and takes a high polish j 
great request by millwrights in Franco for making cog-wheels, rollers, cylinders, 
, Ac., and is preferred before all others for the screws of wine-presses. It ranks 
1 to box for wood-engraving and turnery, 

rstmnum (piotpyro* rntgimana },—'The Virginian date-palm or persimmon is a 
of the United States, growing 50^60 ft high and 14 ft. diam* Its heaxtwood 
rti, bird, and elastic, but liable to split; it has been with some success introduced 
ngland as a substitute for boxwood in shuttle-making and wood-engraving. 

[Block], or Matai (Fodoearpns ipicata ).—This New Zealand timber is much 
durable than Mire, and is used for all purposes where strength and solidity are 
e*L Its weight is 40 lb. a cub* ft*; breaking-weight, 420-800 lb. It is a large 
f0 fL high and with a trunk 2~4 ft* in diameter* The wood is yellowish, dose- 
d, and durable; among the various purposes to which it is applied may be 
med piles for bridges, wharves and jetties, bed-plates for machinery, millwrights* 
il wring, house blocks, railway sleepers, fencing, and bridges. It bus been known 
*t exposure for over 200 year* in a damp situation. 
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Pine [Clutter], or Pinaster {Pinna Pincuter \—This pine inhabits the rocky mom 
of Europe, and is cultivated in English plantations; it reaches 50-00 and even 
in height. It likes deep dry sand, or sandy loam in a dry bottom; bat avoi 
calcareous soils. The wood is said to be more durable in water than in air. It is 
nsed in France for shipping-packages, piles and props in ship-boilding, oat 
carpentry and fuel. It weighs 25} lb. a cub. ft. 

Pine [Huon] (Doorydtum Franklinii ).—This tree is said to be abundant in pa 
of S.W. Tasmania, growing 50-100 it high and 3-8 ft diam. The wood is deal 
fine-grained, being closer and more durable than American White Pine, and can b 
in logs 12-20 ft long and 2 ft sq. Its weight is 40 lb. a cub. ft It is oonaiderei 
of tbe handsomest and most suitable woods for bedroom furniture, bearing a s 
resemblance to satinwood. From its lasting qualities, it is much prised for 
building. 

Pine [Moreton Bay] {Araucaria Cunninghami ).—This abundant Queensland 
grows over 150 ft high and 5 ft diam., giving spars 80-100 ft long. Its wood is stn 
grained, tough, and excellent for joinery; but is not so durable as Yellow Pine, a 
liable to attacks of sea-worms and white ants. It is used for flooring and ge 
carpentry, and for shingles; it holds nails and screws well. Its weight is 45 lb. a ci 
It is strong and lasting either when dry or actually under water, but will not 
alternations of dryness and damp. When grown on the mountains of the interkn 
wood is fine-grained and takes a polish which is described as superior to that of i 
wood or bird’s-eye maple. Its average value is 55*.-70s. per 1000 ft super. 

Pine [Norfolk Island] (dravearta exoeUa ).—This tree inhabits Norfolk Islam: 
Australia, growing 200-250 ft high and 10-12 ft diam. Its wood is tough, 
grained, and very durable for indoor work. 

Pine [Northern], or Red, Yellow, Scotch, Memel, Riga, or Dantzic Fir (. 
syfrss/ris).—This tree forms with the Bpruce fir the great forests of Scandinavii 
Russia, and attains considerable size in the highlands of Scotland. The logs sh 
from Stettin reach 18-20 in. sq.; those from Dantzic, 14-16 in. and even 21 ii 
and up to 40-00 ft long ; from Memel, up to 13 in. sq. and 35 ft long ; from 
12 in. sq. and 40 ft long, and spars 18-25 in. diam. and 70-80 ft. long; Swedisl 
Norwegian, up to 12 in. sq. It comes also in plankB (11 in. wide), deals (9 in.) 
battensin.). The beet are Christiana yellow deals, but contain much sap; Stock 
and Gefle are more disposed to warp; Gottenburg are strong, but bad for joi 
Archangel ami Onega are good for joinery, but not durable in damp; Wiborg ar 
best Russian, but inclined to sap; Petersburg and Narva yellow are inferior to j 
angel. Well-seasoned pine is almost as durable as oak. Its lightness and sti 
render it the best timber for beams, girders, joists, rafters, and framing; it is i 
used for masts, ami for joinery is superior to oak on all aoorea. The hardest < 
from the coldest districts. The cohesive force is 7000-14,000 lb. per sq. in.; w< 
2lM0 IK per euK ft; strength. $0; stiffness. 114; toughness,56. The colour t 
wood of different varieties is not uniform; it is generally reddish-yellow or honey-; 
of unequal depths of brightness. The section shows alternate hard and soft ci 
one pari of each annual ring being soft and light-coloured, the other harder and dt 
It has a strong resinous odour and flavour, and works easily when not too h 
reaineua. Foreign wxvxl shrinks about ^ in width in seaming from the log. I 
few! timber the annual rings do not exceed ^ in. in thickness, and the dark pa 
the ring* are bright, reddish, hard, and dry. neither leaving a woolly surface afte 
«aw nor choking the teeth with resin. Inferior kinds have thick rings, and their 
portion is either more beaxier, and nw ireinoas. or » spongy, leas rea 

ami haw* a wnolly suture after sawing; such is neither strong nor durable. 6hs 
fix hi »gxxxtl timtar will bear carting 2 or 3 maos round the finger, those from ba 
/riwA *vft ttre bret Ulb reuse R iga . Dantme is a 
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if, easily walked* and durable when seasoned. It contain* (especially in 
much mpwoodf and large and dead knots, while the heart is often loose and 
e balks run 13-45 ft. keg and H-16 in. aq. ; deals, 18-50 ft. long and 
i. Mem el is similar to Dantzic, but hardly so strong, and only 18-14 in. eq, 
lew but weaker than Daatzic, but remarkable for straightness, paucity of 
1 absence of knots; being often rather shaky at the centre, it is not so good 
into deals, Norway is small, tough, and durable, but generally contains 
**i. The hoiks ore only 8-9 in. sq. Swedish resembles Prussian, but the 
siltrrally tapering, small, of yellowish-white colour, soft, clean, straight in 
small knots and very little sap, hut generally shaky at heart, and unfit for 
nto denis. It is cheap, suitable for the coarser purposes of carpentry, and 
fnt scaffolding. Balks are generally 20-35 ft. long, and 10-12 in. sq. 
Is, and battens from the Baltic, cut from nor I hem pine, am known as 
r “rod” deal j when cut from spruce, they aro called 14 white" deals, 
a, battens, Ac., in a general way, the order or quality would stand first or 
rural*; then with Russia, Sweden, and Finland; and lastly with Norway, 
anal, DonUic. Stettin) deals are very durable and adapted for external 
n chiefly used for ship-building, being 2-4 in. thick. The timber from the 
Is, being course and wide in the grain, cannot compete in the converted 
!*, Ac., with the doMfr-gnunod and cleaner exports from the more northern 
non (Petersburg, Oucga, Archangel, Narva) are the heat deals imported for 
rpote& They ore very free from sap, knots, shakes, or other imperfection*; 
Tain, and bard, well*wearing surface, which makes them well adapted for 
aery, Am The lower qualities are of course subject to defects, Petersburg 
t to be shaky, having s great many centres in the ptanks and deals, but tho 
as are very clean and free from knots. They are very subject to dry rot. 
deals are unfit for work exposed to damp. In those from Archangel and 
cnots are often surrounded by deed bark, and drop out when the limW is 
yboig deals aro sometimes of very good quality, but often full of sap, 
1 Nvland deals are 14 ft. long, very durable, but fit only for the carpenter, 
^Christiania, Drum) yellow deals and battoua used to bear a high character, 
md carefully converted, but aro now very aenree. Much of tho Norwegian 
u ported in the shape of prepared flooring and matched boarding. Dram 
u Buffer from dry rot, especially when badly stacked. Of Swedish (Geflc, 
Hotiiisund, Soderham, Gottenburg, Hemorand, Sends wall) the greater 
buxj end bad* bnt some of the very best Bailie deal, both yellow and white, 
Gefle and Boderham. The beet Swedish run more sound and even in 
l Russian, from the different way in which the timber la converted. A balk 
Umber is all cut into deoils of one quality, hence the numerous hearts or 
amongst them, which are so liable to shake and split; whereas in Swedish 
Inner and the outer wood are converted into different qualities of deals* 
value of first-cluas Swedish goods. 4-in. deals should never be used lor 
boards, m they are cut from the centres of the logs, 3-in. deals, the general 
Bosnian goods, aro open to the same objection. Swedish 2|- and 2*in. of 
y are to be preferred to S-in.. since they are all cut from the sound outer 
dish deals are fit for ordinary carcase work* but, from their liability to warp, 
tepended upon for joiners 1 work. They ore commonly used for all purposes 
ilk building, especially for floor*. 

ich] (Fiaui rigida [re# tnaia]).—This species is found throughout Canada 
it' d Stales, most abundantly along the Atlantic const Tho wood is heavy, 
ft elastic, and durable, but very brittle when old or dry, and difficult to 
a heaftwood is good against alternate damp and dryness, but inferior In 
- underground* Its weight is 41 lb. per cub. ft.; cohesive force, 9798 lb. per 
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sq. in.; stiffness, 73; strength, 82; toughness, 92. The best comes from the 8L Stsftessf. a 
N. America, chiefly from the ports of Savannah, Darien, and Pensacola. The odkn k : - 
reddish-white or brown; the annual rings are wide, strongly marked, and form heaaflU _ 
figures after working and varnishing. The timber is very resinous, making it sticky sal — 
troublesome to plane, but very durable; it is hard, heavy, very strong, free from knot^ 
but contains much sapwood, is subject to heart and cup shake, and soon rots in damp; 
it is brittle when dry, and often rendered inferior by the trees having been tapped far _ 
turpentine. Its resinous nature prevents its taking paint well. It is used in fts 
heaviest timber structures, for deep planks in ships, and makes very durable fioorhg. 
Market forms are logs 11-18 (aver. 16) in. sq., 20-45 ft. long; planks 20-45 ft fang, 
10-15 in. wide, 3-5 in. thick. 

Pine [Red, Norway, or Yellow] (Pimm rubra [resiitosa]).—This tree grows on dry, 
stony soils in Canada, Nova Scotia, and the N. United States, reaching 60-70 ft high 
and 15-25 ft diam. at 5 ft. above ground. The wood weighs 37 lb. per cub. ft; it is 
much esteemed in Canada for strength and durability, and, though inferior in th«M 
respects to Northern Pine, is preferred by English shipwrights for planks and ipsif, 
being soft, pliant and cosily worked. This timber has a reddish-white appeanm, 
with clean, fine grain, much like Memel, but with larger knots. It is small, very soUi 
in the centre, with little sap or pith, tough, elastic, not warping nor splitting 
moderately strong, very durable where well ventilated, glues well, and suffers little 1 m 
in conversion. Cabinet-makers use it for veneering, and sometimes it is employed far 
internal honse-fittings. Market forms are logs 16-50 ft. long, 10-18 in. sq., 40 cub * 
in contents, sized as “ large,” “ mixed,” and 44 building.” 

Pine [Red] or Rimu (Dacrydium cupremnum ).—This New Zealand wood runs 45 it 
long, aud up to 30 in. sq.. and is much used in house-framing and carpentry, but is not 
so well adapted to joinery, as it shrinks irregularly. It weighs 40 lb. a cub. ft. It is 
on ornamental and useful wood, of red colour, dear-grained, and solid; it is much used 
for joisting, planking, and general building purposes from Wellington southwards. Ill 
chief drawback is liability to decay under the influence of wet It is largely employed 
in the manufacture of furniture, the old wood being handsomely marked Hk r*~wood, 
but of a lighter brown hue. The best quality comes from the South Iala j. 

Pine [Weymouth or White] (Pimm gtnbus ).—This tree inhabits .V aaricu 
continent between 43° and 47° N. lat., occupying almost all soils. Ti M»‘ - r is ex¬ 
ported in logs over 3 ft. sq. and30 ft. long; it makes excellent masts; is iii:h» r ■ ft, few 
from knots, easily worked, glues well, and is very durable in dry climates but i- tfitfar 
large timbers, liable to dry-rot. and not durable in damp places, nor d* ■ ■ i . i . nsili 
well. It is largely employed for wooden booses and timber bridges in A:,*, -v. Hi 

weight is 28} lb. per cub. ft.; cohesive fowe, 11,835 lb.; stiffness, 95; atr< n i, 99; 
toughness, 103. The wood, when freshly cut. is of a white or pale straw ■ <r, hot 
becomes brownish-yellow when seasoned; the annual rings ore notwv Vs'.i the 
grain is clean and straight; the wood is very light and soft, when pla*;.<. I is silky 
surface, aud is easily reeoguized by the short detached dark thin streaks, 'ii. 1 .•* “ : hair ! 
lines, always running in the direction of the grain. The timber is as a r»:I r. • i, free ! 
from knots, and easily worked, though the top ends of logs are somcrin' 2 and 

knotty ; it is ulso subject to cup and heart shakes, and the older trees l- >u_i ess in 
the centre. It is much used in America for carpenters' work of all kinds; < • = ir tbs 

Mime purpi vc in Scotland, and in some English towns, but considered mferif- - * -mgft 

tn Rdtic timUT. The great length of the logs and their freedom fron t ■ '■?< causes 
them to bo extensively used for masts and yards whose dimensions cann : r j.- ^smed 
faun Ualtic tind>er. For joinery this w«xi is invaluable, being wrought -,-iiv sad 
smoothly into moulding* and ornamental work of every description. It i t - 'djUrij 
adapt ml for panel*, on mvount of the great width in which it maybe y • i. it la 
almi much used for making patterns for easting*. Of market form* the ■* * ia inch 
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nasts roughly hewn to an octagonal form. Next come Toga hewn square, 18-60 ft 
oug, averaging 16 in, sq., and containing 65 cub. ft in each log. A few pieces are only 
14 la, sq.; abort logs may be bad exceeding even 26 in. eq. Some 3-in* deal* vary in width 
from 9 to 24 and even 32 in. The beat are shipped at Quebec. Goods from southern 
frrrUt such as Bichibucto, Miromlehi, Shcdnc, are inferior, American yellow deals arc 
divided into 3 principal classes—Brights, Dry flouted, Floated. Each of these is divided 
into 3 qualities, according to freedom from Bap t knots, Ac.; the first quality should 
bo tie© from defects* First quality blights bead the classification, then first quality 
ihj fitted, next first quality floated; thou come second quality bright®, second quality 
dry fiated, and so on. Brights consist of deals sawn from picked logs and shipped 
etftlgiit from the sawmills* Floated deals Eire floated in rafts down the rivers from the 
ftiling grounds to the shipping ports. Dry flouted deals are those which, after floating 
have been stacked and dried before shipment. Floating deals damages them 
c«asi'l*<rably f besides discolonring them* The soft and absorbent nature of the wood 
emits them to warp and shako very much in drying, so that floated deals should never 
he used for fine work. 

Pin© [White] or Kuhikatea {Podocarpua dacrydioidet)*— This New Zealand timber 
twe gives wood 40 ft. long and 24-40 in. sq., straight-grained, toft, flexible, warping and 
ihrinJong Utile, ami well adapted for flooring and gene ml joinery, though decaying 
r^j idly ia damp. Its weight is 30 lb. a cub, ft.; breaking-weight, 620 lb. When 
gtnwn on dry soil, it Is good for the planks of small boats; but when from swamps, it is 
abatot useless. A variety called 44 yellow pine” is largely Bawn in Nelson, and eon* 
li'kred to to & durable bull ding timber. 

Pine [Yellow, Spruce, or Short-leaved] (Ptoii taridbiU* atid P. mitis ).—The former 
qjefka k found from New England to Georgia, the wood being much used for all carpentry, 
esteemed ter large masts and yards ; it is shipped to England from Quebec. 
The latter is abundant in tho Middle States and throughout N. America, reaching 
SO-60 ft. high and 18 in. diam* It is much used locally for frameworks the lieartwood 
it strong and durable; the tap wood is very inferior. 

Plaiie ( FJatanu* orient( iPm and P w oetti?citfaJw).--The first species inhabits tho Levant 
ftoJ adjoining countries, growing 6Q-8Q ft. high and up to 8 ft. diam. The wood is more 
figured than beech, and is used in England for furniture; in Persia It is applied to 
esrpentry in general. The second species, sometimes called 44 water-beech," ** buttou- 
irod - and 44 sycamore,** is one of tho largest N. American trees, reaching 12 ft, diam, 
flic Ohio and Mississippi, but generally 3-4 ft. Tho wood is harder than tho oriental 
kind, handsome when cut, works easily, and stands fairly well, but is short-grained and 
tasily broken. It is very durable in water, and preferred in America for quays. Its 
h* 40-48 lb* a cub ft.; cohesive force* 11,000 lb*; strength, 02; stiffness, 73; 
toughness, 108. 

Fohutukawa (Mctroriflera* tojiunto&a ).—Tina treo lms numerous massive arms; its 
Ught id 30-60 ft.; trunk 2-4 ft* in diam. The timber is specially adapted for tho 
p5p>es of tho & hip-builder, and has usually formed tho framework of the numerous 
tfefceLi built in the northern provinces of New Zealand, Grows on rocky coasts, and is 
don *t confined to tho pm vine© of Auckland* 

Pooh ( Cvlophyilum Jturmanni )*—This tree is abundant in Burma, S. India, and the 
L Archipelago. It is tall and straight, and about 6 ft. circ. It is used for the decks, 
cawts, and yards of ships, being strong and light. It» texture is coarse and porous, but 
toitam: it is easy to saw and work up, bolds nails well, hut is not durable in damp, 

IU weight £a 4(Mi5 lb* a cub, ft*; cohesive force, SOTO-14,700 lb. Another species 
(G &ngujdifolit*m') from the Malabar Hills is said to furnish spars. 

Poplar f Fopuitni spp ,).—Five species of poplar are common in England: the whit© 
(P aJa), the black ( P . fifrjru), the grey ( P * eanewtn*)^ the aspen ur UembYvng \m\iV\t 
(P trr^uLi), and the Loitibardy (P. ditataUt ); and two in America: tiin QkWwi 
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(P, macrdphytia) and the black Italian (P. ttdadesca). They grow rapidly, and ftafr 
wool U generally boft and light, proving durable in the dry, and not liable to swell n# 
shrink. It m&kea good flooring for places a abject to little wear, and in slow to bora 
It is much used for butchers 1 tray a and other purposes where weight h ©bjecticnisbJe. 
The Lombardy is the lightest and least esteemed, but is proof against mice and mst-cU 
The weight is 24-33 lb. a cab. ft.; cohesive force, 4590-6641 lb.; strength, 50~8fi; 
stiffness, 44-66; toughness, 57-IJ2. Poplar is one of the best woods for paper-making 
The colour of the wood is yellowish* or browiah-white. The annnal rings arc a Util* 
darker on one side than the other, and therefor® distinct They are of uniform texture, stud 
without large medullary rays. The wood is light and soft, easily worked and camd, 
only indented, not splintered* by a blow. It should be well seasoned for 2 years bcf.ut 
use. When kept dry, it is tolerably durable, and not liable to swell or ahrink, 

Pnkatea (Lauretta Nov^Zdandix).-* Height* 150 ft,, with buttressed trunk 3-7 ft. 
in diam.; the buttresses 15 ft. thick at the base ; wood soft and yellowish, used for small 
boat planks. A variety of this tree has dark-coloured wood that is very lasting ia 
water, and greatly prized by the natives in making canoe*. Grows in the North Uk&ii 
and northern ports of the Middle Island of New Zealand. 

Puriri or Iron worn! (Vitcz tttfarattj).—A large tree, 50-60 ft high, trunk 20 ft to 
girth. Wood hard, dark olive brown, much nsed ; said to 1 j© indestructible under *0 
conditions. Grows in the northern ports of the North Island of New Zealand only, U 
is largely used in the construction of railway wnggons, and is said to make excellent 
furniture, though but little employed in that direction* It splits freely and work* 
easily, and is used wherever durability is essential, as in cart work, bridges, teeth 
wheels, nod fencing-posts, 

Pymma (Lagentrsimia reginjz). —The wood of this abundant Indian tree, particulsdy 
in B. India, Burma, and Aaaam, is used more than any except teak, especially in boat¬ 
building, and posts, beams and planks in house-building. Its weight is 40 lb. a cub. A: 
cohesive force, 13,000-15,000 lb.; breaking* weigh I, 640 lb, 

Pyokndo or Iron wood (Inga sryfocorpo).—This valuable timber tree is found through 
out S, India and Burma. Its wood is hard, close-grained, and durable; but it is tatty, 
not easily worked, and hard to drive nails into. It is much nsed in bridge-building 
posts, piles, and Bleepers, Its weight is 581b. a cub. ft; cohesive force, 16,000 Ux; 
breaking-weight, 800 lb. Called also crook 

Rata (Metroiidcro* lucidly — This tree is indigenous to New Zealand, giving a hud 
timber 20-25 ft. long and 12-30 In. sq,, very dense and solid, weighing 65 lb. & cub. A 
A valuable cabinet wood; it is of a dark-rod colour; splits freely. It has been much 
nsed fur knees and timbers in bIi ip-building, and would probably answer well for cogi 
of spur wheels. Grows rarely in the Norfh Island, but is abundant in the South Island, 
especially on the west coast. In Taranaki it in principally used by mill* and wh^il- 
wrtghta. M. rvbwta grows 50-60 ft. high, diameter of trunk 4 ft * but the deseendlnr 
root* often form a hollow stem 12 ft, in diam. Timber closely resembles the last-nama! 
species, and is equally dense and durable, while it can bo obtained of much larger dimeo- 
aierns. It is used for ship-building, but for this purpose is inferior to the polmtutawi* 
On the tramway a of the Thames it has been used for Bleepers, which are perfectly sound 
after 5 years' use. Grows in the North Island; usually found in billy situation* from 
Cape Colville south wards. 

Hew arcwa (Knightia excettab — A lofty, slender tree 100 ft, high. Wood handsomr, 
mottled red and brown, used for furniture and ah ingles, and for fencing, as it splits 
easily, It is a most valuable veneering wood. Common in the forests of the Northern 
Island of New Zealand, growing upon the hills in both rich and poor soils. 

Rolmn (Soymid f i febrtfvg a).— This large forest tree of Central and 8. India affords 
a close-grained, strong and durable wood, which stands well when underground or buriid 
In masonry, but not so well when exposed to weather. It is useful for palisades, Bleept* 
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md kmae^work, and is not very difficult to work. Its weight is 66 lb* n cub. ft.; 
cohesive force, 15,0{K* lb, ; breaking-weight, 1000 lb. 

Rci-cW0od*-“Tbe term “rosewood ** is applied to the timber of ft number of trees, but 
the most important is the Brazilian* This k derived mainly, it would seem, from 
JDJWpia nigra* though it appears equally probable that several species of Triptotemma 
Mid Maehxrium contribute to the inferior grades imparted thence. The wood la valued 
for cabinet-making pnrjiosea. The approximate London market values aro 12-251. a 
kill for Eio, and 10-221. for Bahia. 

fetbira (LytHoma Sabicu ).—This tree la indigenous to Cuba, and found growing in 
tiic ha hanma , where it has probably boon introduced. Its wool k exceedingly hard and 
durable, and has been much valued for ship-building. It has been imported from the 
loJurna la uncertain quantities, for the manufacture of shuLtles and bobbins for cotton- 
ni-lU It resembles mahogany in appearance, but is darker, and generally well figured. 

The wood is very heavy* weathers admirably, and is very free from sap and shakos. 

TL■> fibres are often broken during the early stages of the tree's existence, nnd the defect 
U act discovered until the timber is converted bo that it is seldom used for weight'carry- 

Sul or Soul (SJwrm robuxtri )*—This noble tree is found chiefly along the foot of the 
HlEfiilUyui. and on the Vindhyan Hills near Gaya, the host being obtained from MoruEg* 
lhwood is strong, durable, and eoarse-gmmed* with particularly straight ami even 
ikt; it driia very slowly, continuing to shrink yearn after other woods are dry. It is 
ii> 4 chiefly for fioor-bonnis, planks, and roof-trusses, und can bo had in lengths of 
3M0iL,&nd 12-21 in. sq. Ita weight k 55-61 lb, ft cub. ft.; cohesive force, 11*500 lb.; 
cridiiiigdoret?, 6300 lb.; breaking-weight, 881 lb, 

bUswaoiL—The satin wood of the Bahamas b supposed to be the timber of MuJhx 
pk*wi an almost unknown tree. The Indian kitid is derived from Ghloroxyt&n 
friekuta, a native of Ceylon* the Coromandel const, and other parts of India, The 
5:<mercornea in square lugs or planks 0-20 in. wide; the latter, in circular logs 0-30 In, 
dam. Tlit chief use of sat in wood b for making the backs of hair- and clothes-brushes, 
tottery, and veneering. The approximate value of San Domingan is C-l 8d, a ft. Bnlmum 
■liavood, also called yellow-wood, grows abundantly on Andros Island and others of 
t ■ ibl.Mwbn group. and to a largo ske* It k a fine, hard, close-grained wood, showing 
« its poliiliud surface a beautifully rippled pattern. 

Kaiwmtn (Hdinotpom just(/fera) is used in Japan for the same purposes as hinoki, when 

k nnproeux able. 

SWpino {Ftstbxwrpui clala) is very common in Queensland, attaining 80 ft. in 
Wkt and 36 in. in dmm.; the timber is free from knots, soft, close-grained, and easily 
It is used for joinery nnd spars, and worth G5«,-7G«. per 1000 ft. super. 

Sinn or Seeium {Dsfijerym Shut ).—This tree k met with in many park of India, 
katitr ujd to attain its greatest size at Chanda. Its wood resembles the finest teak, 
bt k tougher and more elasl iu* Being usually crooked, it is unsuited for beams* though 
mtii by Bengal fhip-builders, and in India generally for joinery and furniture* 
lu ^Bight h 464 tb. a cub* a,; cohesive* force, 12,000 lb.; breaking-weight* 700 lb, 

Eheezewood or Nisi Hout (Pfmuyhm uf/fe).— 1 This most durable !>. African timber, 
tb onstta/a of the natives, k invaluable for railway-sleepers and pile*, being almost 
Weriihnble. 

Spruce [American White], EpineMe, or Bapinette blanche {Aln'cs aikx).—ThU white- 
Urbd Hf m n, native of high mountainous tracts in the colder parte of N. America, 
^kr E it grow* 40-50 It, high. The wood ia tougher, lighter, less durable, and inoro 
bkblslo twist In drying than white deal, but is occasionally imported in planks and 
*k*k. It weigh# 29 lb. a cub, ft.; cohesive force, 80QO-1O,O(K) lb.- strength, 86; 

72 toughness, 102. 

spruce [Aamricaa Blackj 1 (Abie* m*f/ra) t ^Thhi tree inhabits Canada and tki T$- 

X. % 
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States being most abundant in cold-bottomed lands iii Lower Canada. It reaches 
60-70 and even 100 ft. high, but seldom exceeds 24 in. diam. The wood la much used 
in America for ships* knees, when oak and larch are not obtainable. 

Spruce [Bed], or Newfoundland Red Pine (ALiW mhra)*—This species grows in 
Nova Scotia, and about Hudson’s Ray, reaching 70-80 ft, high. It is universally pre¬ 
ferred in America for ships’ yards, and imported into England for the same purpose. It 
unltea in a higher degree all the good qualities of the Black Spruce, 

Stoppcrwood is principally used Tor piles and for wheel spokes* It is a very strong 
and durable wood, and grows from 12 to 16 ft. long and from G to 8 in. in diam. It is 
found on all the Bahamian islands, and is an exceedingly hard, fine, close-grained, and 
very heavy wood, 

Stringy-bark {Eucalyptus giganUa ),—This tree affords one of the beat building woods 
of Australia, being cleaner and straighter-grained than most of the other specks of 
EucdtgpUu. It is hard, heavy, strong, close-grained, and works up well for planking, 
beams, joists, and flooring, but becomes more difficult to work after it dries, and shrink* 
considerably in drying. The outer wood is better than the heart* Its weight is SC lb- 
uoub* ft,? crushing-force, G700 lb,; breaking-weight, under 500 lb* It is liable to warp 
or twist, and is susceptible to dry-rot. It splits with facility, forming posts, rails and 
paling for fences, and shingles fur roofing. 

Sycamore or Great Maple {Amr pseudo-plaianus ),—This tree* mis-cnlled “plane* 
in N* England, is indigenous to mountainous Germany, and very common in England 
It thrives well near the sen, is of quick growth, and has a trunk averaging 32 ft. long 
and 20 in. diam* The wood is durable in the dry, but liable to worms; it U chiefly 
used for furniture, wooden screws, aud ornaments, Its Weight is 34-42 lb, a cub. ft: 
cohesive force, 5000-10,000 lb,; strength, 81; sliffness, 50; toughness, 11T. Tbo wood 
is white when young, but becomes yellow m the tree grows older* and sometimes brown 
near the heart; the texture is uniform,and the annual rings are not very distinct; it 
has no large medullary rays, but the smaller rays are distinct* 

Tamanu (CaZopfcyrfum ap.),—This valuable tree of the S* Sea Islands is becoming 
scarce* It sometimes reaches 200 ft. high and 20 ft* diam. Its timber is very useful 
for ship-building and ornamental purposes, and is like the best Spanish mahogany* 
Tanaka ha or Celery-leaved Pine (FApIZacZadua trichoma no id**) is a slender, hondaon^ 
tree, 60 ft. high, but rarely exceeding 3 ft. in diam,, affording a pale, close-grained wood, 
excellent for planks and spam, and resisting decay in moist positions in a remarkable 
manner. It grows in the hilly districts of the North Island of New Zealand, and in 
Tasmania* 

Tasmanian Myrtle (Ftigus Cunninghamii ) exists in great abundance throughout it* 
western half of the Inland, growing in forests to a great size in humid situations. R 
reaches a height of 60-180 ft., a diam. of 2-0 ft, averaging about ft*, ami has a sp. S T 
of 0 705* Its price is about 16 j, per 100 ft, super* in the log. It is found in considewbto 
quantities in some of the mountainous parts in South Victoria. It is a reddish-coloured 
wood, and much employed by cabinet-makers for various articles of furniture, Qecash®* 
ally planks of it are obtained of a beautiful grain and figure, and when polished it* 
highly ornamental character is sure to attract attention. It is also used for the to ga 
of wheels by millwrights 

Taw a (AWdhp/me fatea).—-A lofty forest tree* GO-70 ft. high, with slender branches 
Tho wood is light and soft, and is much used for making buttcr-kegs* Grows in 
northern parts of tho South Island, and also on the North Island of New Zealand* 
chiefly on low alluvial grounds ; h commonly found forming largo forests iu river flat* 
The wood mokes fairly durable flooring, but docs not last out of doors, 

Towhai or Tawhal-niie-nui (.Papua /t«ca).—Black birch of Auckland and Otag 0 
(from colour of bark). Red birch of Wellington and Nelson (from colour of timber)* 
Thin in a qM etre# t GO-itQ ft * high, the trunk ft. Vu d\am. The timber is exceatl4f 
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ird to cat It is highly mined in Nelson and Wellington aa being both 
uraHe in all situations* It is found from Kuitnia in the North Island to 
Sooth Island of Now Zealand, but often locally absent from extensive 
grows at all heights up to 3000 ft 

ctma grandis).—Tkk tall* straight, rapidly-growing tree inhabits the dry 
riels of the Malabar and Coromandel coasts of India, as well as Burma, 
and Ceylon. Its wood is light, easily worked, strong, and durable; it is the 
entry where strength and durability arts required, and is considered foremost 
lding. The Moulmein product is much superior to the Malabar, being 
s flexible, and freer from knots. The Yindhyan excels that of Pegu in 
1 in beauty for cabinet-making* The Joliore is the heaviest and strongest* 
uited for sleepers, beams, and piles, It is unrivalled for resisting worms 
U weight is 45-62 lb* a cub* ft,; cohesive force, 13,000-15,000 lb.; strength, 
is, 126; toughness, 94, It contains a resinous aromatic substance, which 
ryatlve effect on iron. It is subject to heartshake, and is often damaged, 
i secret ion tends to collect and harden in the shakes, and will then destroy 
any tool. When the resinous matter is extracted during life by girdling the 
iber is much impaired in elasticity and durability. Teak is sorted in the 
irding to size* not quality* Tho logs are 23-40 ft. long, and their width on 
des varies according to the class, as follows :—Class A, 15 in. and upwards ; 
idcr 15 in.; C, under 12 in.; I), damaged logs* 

lbrfryoneralittm),—A beautiful tree with trunk 15-20 ft. high and 12-20 in 
d has similar properties to ash, and is used for similar purposes. Its lough* 
it valuable for wheels, coach-building, Ac. Grows in the North and 
ids of New Zealand, not uncommon in forests. 

ut(agong-wood, or Red Cedar {Gedrcla Teona).—This tree is a native of 
ether parts of India, where it is highly esteemed for joinery aud furniture, 

_i met hum 4 ft. ilium., and somewhat resembling mahogany. Its weight is 35 lb. 
ibeaive force, 4092 lb.; breaking-weight, 560 lb. It is found in abundance in 
on the coast and inland, reaching 100-150 ft. in height, and 24-70 in, in 
wood is light and durable; it is largely employed in furniture and joinery* 
cautiful veneers are obtained from the junctions of tho branches with the 
value runs from 150s, to 370s. per 1000 ft* super* In Assam this timber is 
e of the moat important, and is employed for making canoes and furniture, 
spoken of for making tee-cheats in Indio and Ceylon, being light, strong, 
resinous, not attacked by insects, and giving no unpleasant odour or flavour 
It grows to an immense sire; one tree alone has been known to yield 
fine timber* It stands the test of climate well, and doe* not require the 
it of seasoning as blackwood; it is of a much softer nature, but takes a very 
and is suitable for dining-room furniture, Ac* 

Podecarpuj Tof am). —This tree is fairly abundant in the North and South 
lew Zealand, reaching 80 ft. high and 2§-3§ ft, diarm Its wood is easily 
Light and even-grained* warps little, and splits very clean and free; but it is 
to shrink if not well seasoned, and subject to decay in the heart. It is used 
r joinery and bouse-b milling* Its weight is 40 lb.; breaking-wedght, 5701b. 
it reddish-coloured, aud much employed for telegraph poles; it is extensively 
lington for house-building, piles for marine wharves, bridges, railway sleepers, 
felled during the growing season, tho wood resists for a longer time the 
Tedd worms. It is durable at fencing and shingles, post and rail fences 
iieing expected to last 40-50 years. The Maoris made their largest canoes 
ee, and the palisading of their pahs wet constructed almost entirely of it 
a trees growing on hills is found to bo tho more durable, 
r Red Birch (Fount fflmrietii) is a handsome tree, 80-100 IV td 'V, 
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2-3 fL The timber is chiefly used in the lake district of the Sonth Island of New 

Zealand. Durable and adapted for mast-making and oars, and for cabinet and cooper’* 
work. Grows in the North Island on the mountain-tops, but abundant in the Sooth 
Island at all altitudes to 3000 ft. 

Tulip (HarpulUa pendula ) grows in Queensland to a height of 50-00 ft, and yield* 
planks 14-24 in. wide, of close-grained and beautifully marked wood, highly esteemed 
for cabinet-work. 

Walnut (Juglans regia). —The walnut-tree is a native of Greece, Asia Minor, Pena, 
along tho Hindu Kush to the Himalayas, Kashmir, Kumaon, Nepal, and China, and is 
cultivated in Europe up to 55° N. lat, thriving best in dry, deep, strong loam. It 
reaches 60 ft high and 30-40 in. diam. The young wood is inferior; it is in best con¬ 
dition at about 50-60 years. Its scarcity excludes it from building application, bat its 
beauty, durability, toughness, and other good qualities render it esteemed for cabinet- 
making and gun-stocks. Its weight is 40-48 lb. a cub. ft; cohesive force, 5360-8130 It; 
strength, 74; stiffness, 49; toughness, 111—all taken on a green sample. Of the 
walnut-burrs (or loupes ), for which the Caucasus was once famous, 90 per cent now 
come from Persia. The walnut forests along the Black Sea, which give excellent 
material for gun-stocks, do not produce burrs, which only occur in the drier climates of 
Georgia, Daghestan, and Persia. Italian walnut is worth 4-5&<Z. a ft 

Walnut [Black Virginia] ( Juglans nigra). —This is a large tree ranging from Penn¬ 
sylvania to Florida; the wood is heavier, stronger, and more durable than European 
walnut and is well adapted for naval purposes, being free from worm attacks in warm 
latitudes. It is extensively used in America for various purposes, especially cabinet¬ 
making. 

Willow ( Salix spp.). —The wood of tho willow is soft, smooth, and light, and adapted 
to many purposes. It is extensively used for the blades of cricket-bats, for building fast- 
sailing sloops, and in hat-making, and its charcoal is used in gunpowder-making. 

Yellow-wood or Geel haut ( Taxus elongatus ).—This is one of the largest trees of the 
Cape Colony, reaching 6 ft. diam. Its wood is extensively used in building, though it 
warps much in seasoning, and will not bear exposure. 

Yew {Taxus baccata). —This long-lived shrubbery tree inhabits Europe, N. America, 
and Japan, being found in most parts of Europe at 1000-4000 ft., and frequently on 
the Apennines, Alps, and Pyrenees, and in Greece, Spain, and Great Britain. The 
stem is short, but reaches a great diameter (up to 20 ft.). The wood is exceedingly 
durable in flood-gates, and beautiful for cabinet-making. Its weight is 41-42 lb. a cab 
ft.; cohesive force, 8000 lb. 

As this volume is intended as much for colonial as for 'home readers, it will he 
useful to givo a brief summary of the woods native to various localities:— 

British Guiana Woods. —The only wood from this colony which is known as it 
deserves is the greenheart, already described at p. 133. Yet there are several other 
woods equally worthy of being studied and utilized ; among them the following woe 
mentioned recently by Dr. Prior at the Linnean Society. “ Ducaliboliy 99 is a rare red 
wood used in tho colony for furniture. “ Hyawa-bolly ” ( Omphalobium Lambertf) iss 
rare tree 20 ft. high, known commercially as zobrawood. Lancewood is variously 
referred to Duguetia quitarensis , Guatteria virgata , Oxyandra virgata , Xylopia sp n sad 
Bollinia Sieberi; there seem to bo 2 kinds, a “ black ” called earisiri, growing 50 fL 
high and 4-8 in. diam., only slightly taper and affording by far the better timber, sods 
“yellow ” called “yari-yari” (jtjerecou in French Guiana), 15-20 ft. high and 4-6in. 
diam.; the Indians make their arrow points of this wood, and the span go to America 
for carriage building. Letter-wood (Brosimum aubletii) is useful for inlaying and fir 
making very choice walking-sticks. 

Cape, Nataly and Transvaal Woods. —The timber trees of Cape Colony and Natal 
are chiefly evergreens. Their wood is dry and tough, and worked with more or tall 
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wing to the drynesa of the soil and climate, it is Tory liable to warp and 
mug* Some descriptions shrink longitudinally as well as transversely, and 
?ptions the timber is not procurable in logs of mare thou 12-15 in. diameter, 
-ids principally used for waggon-making, mill machinery, fences, posts, &c. ( 
ood, essen wood or Cape ash, cedorwnod, red and white iron wood (excellent 
and melk wood, red and white, for felloes of wheels. These nre principally 
die market in convenient scantlings for the purposes for which they are 
are all rather tough than hard to work. They have considerable specific 
at first an English carpenter finds it difficult to do a satisfactory day 1 * 
iem. No European wood can stand the heat and dryness of tho Capo 
ese wocmIs do. 

wood. Cape lancewood, or Oomhlebe: weighs 5C lb. per cub, ft,* coat of 
times as much as fir; colour, light-red; grain, like lancewood; very 
turtle; used for wheel-spokes, shafts, waggon-rails, assegai-shafts, turnery, 
yom: weight, 41 lb*; cost of working, 25; used for floors, roofs, and 
g purposed; grain not unlike Havunnah cedar, but of a lighter colour; 
3 exposure to the weather. 

Knmcol doom, Mukobahi or Motootla; weight 40 lb,; cost of wnrk- 
3 veml varieties afford small timber available for fencing, spare, and 
i used f.»r fuel, cliarcoal, &o. 

e) or Alder; weight, 38 1b.; cost of working, 1‘25; used for palings, 
tlinary carpentry* 

weight, 47 lb,; cost of working 1*6 ; grain, colour of red birch; used 
adding and farm purposes, 

V; a harder and smaller variety of the last. 

uit, Cape a^h, or Oomnyatnati; weight, 48 1b,; cost of working, 1*30; 
union floors, palings, Ac*; is a tough and valimhle timber, somewhat 
1m ; can be procured up to I S in, sq. 

mwood: coat of working, 1*30; grows in Natal fb 2 ft. diameter ; the wood 
elm, but of a bright yellow colour, with a fino and even grain; used for 

wheels, 

(black), Tambootl, or Hoosho : weight, 61 lb.; oust of working, 2*0 ; the 
ike pear tree; used for waggon axles, cogs of machine wheels, spokes, 
lies, railway sleepers, piles, Ac.; is very durable, and can bo obtained in 

in. sq, 

(white), or Oomrirnhiti: used for same purposes as black, 
m, Oomsinsi, or Limsootsi; weight, 38 lb. ; wood, soft and light; the grain 
; splits easily; and is tisod principally for roof shingles, owing to its 

ble to take fire. 

e (red); used in Natal for posts and fencing generally, 
it, Mtikwood, or Gomtombi: weight, 52 lb,; cost of working, 1*75; colour, 
in the construction of waggons (wheelwork); there is also a darker 

out. Wild olive, or Kouka; weight, 60 lb,; cost of working, 2‘0 ; wood of 
nd generally decayed at the heart; used fur fancy turnery, furniture, Ac, 
it or Kwn; weight, 46 lb.; rcJscuibUa European pear, but closer in Ike 

boat: weight, 54 lb.; wood strong and tough; used for farm purposes. 
kxI, Nice hout, or Qcmtnta ; weight, 68 lb,; cost working, 8*0; most 
useful timber, resembling satin wood; very full ui gum or resin resembling 
m ms like candlcwood ; invaluable for railway sleepers, piles. Ac., as U is 
rfshable, and is veiy useful for door nod sash si]la or avmiUt work; 

Pd of large fC&ptUng, 
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Stjnkwood, Cape mahogany, or Cape walnut: weight, 53 lb.; cost' of working. 1 ■$; 
resembles dark walnut in grain ; is used for furniture, gun-stocka, ie.; while working, 
it emits a peculiar odour; stands well when seasoned; usually to be obtained in pl&uka 
10-16 in. wide nnd 4 In. thick; there are one or two varieties which aro inferior; fur 
furniture, it should be previously seasoned by immersing the scantlings, sawn as small 
os possible, in a sand bath heated to about 10U° F. (38° C ), 

Yellow-wood, Geel bout, or Oomkobo : weight, 40 lb,; cost of working, 1*35; one of 
the largest trees that grows in the Cape, and often found upwards of 6 ft. in diameter ; the 
w ood is extensively used for common building purposes; it warps much in seasoning, ami 
will not stand exposure to tho weather; the colour is a light-yellow, which, with the grain, 
resembles lance wood: it shrinks in length about ^ part; it has rather a splintery Hat- 
ture, which makes it very unsafe for positions where heavy cross strains may he 
expected; for flooring, it does well, but should ho well seasoned and laid in narrow 
widths ; planks up to 24 in. wide can be got, but 12-iu. ones tiro more general; it suffera 
much loss in conversion, owing to twisting ; ivhen very dry, it is apt to split in nulling; 
and is subject to dry-rot if not freely ventilated. 

Willow or "Wilge boom : weight, 38 lb, ; this wood, which grows along the backs ot 
rivers, is of tittlo value, as it is soon destroyed by worms ; but is used where other 
timber is scarce; makes good charcoal. 

Ceylon woods.—In the following list of Ceylon woods, tho breaking-weight anil tho 
deflection before breaking are taken on a bur 24 In. long and 1 in. square ; tho absorp¬ 
tive power is calculated on n block measuring 12 in. by 4 iu. by 4 in*; and the weight 
represents l cub* ft. 

Alubo; weight, 49 lb.; durability, 20 years; use, common house-building. 

Abide!: breaking weight, 356 lb.; deflection, 1 in,; absorption, 15 or.; weight* 
51 lb,; durability, 35-70 years ; logs average 22 § ft, by 16 in.; uses, fishing boats and 
house buildings, 

Aramnuu: breaking weight, 297 lb*; deflection, 1| in.; absorption, 13 ot.; weight* 
57 1b,; durability, 50 years; logs average 15 ft, by 18 in,; uses, furniture and house 
buildings. 

Beriya: weight., 57 lb.; durability, 10-30 years: uses, anchors and house-building. 

Buruta or Satiuwood: breaking-weight, 521 lb. ; deflection, I in,; absorption* 
14 oz.; weight, 55 lb.; durability, 10-80 years; logs average 19 ft by 20 j in.; uwss, oil- 
presses, waggon-wheels, bullock-carts, bridges, cog-wheels, buildings, and furniture. 

Calamamler : weight* 57 lb.; durability, 80 yeara; a scarce and beautiful wood; tho 
moat valuables for ornamental purposes in Ceylon. 

Daminna.- weight, 44 lb.; durability, 40 years; uses, gun-stocks and common house 
buildings. 

Dangaha; weight, 23 lb*; buoys for fishing nets, models for dhonies. 

Dawata: weight, 43 lb.; durability, 25 years; uses, roofs of common buildings. 

Del: breaking-weight, 264 lb.; defiectiou, t in*; absorption, 17 oz.; weight, 40lb; 
durability, 20-50 years.; logs average 22^ ft, by 16 Su.; uses, boats and buildings. 

Dun : weight, 29 lb.; durability, 50 years; uses, house buildings. 

Ebony; breaking-weight, 360 lb.; deflection, If id, ; absorption, 11 oz.; weight, 71 ih; 
durability, 80 years ; logs average 12| ft, by 13 in,; a fine black wood, used largely for 
buildings and fumitnro. 

Gal Mendora: breaking-weight, 870 lb.; deflection, 1| in.; absorption, 14 ox; 
weight, 571b.; durability, 15-60 years; logs average 22J fl, by 13 in.; uses, bridges ami 
buildings; is the best wood for underground purposes; also used for reapers (butteiu} 
for tiling. 

Gal Mom: weight, 65 lb.; durability, 30 years; uses, house buildings, and givesbeSl 
firewood for brick- and lime-kilns. 

Godapam: weight, 51 Jb.; durability, 60 years’, ui&e,toofi for houses. 
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ins: weight, 44 lb.; durability, 25 years; uses, poles for bollock»earte, and 
kLings, 

weight, 26 lb.; durability, 10 years; uses, packing cases, ceilings, coffins, 

lendomi weight, 50 lb,; durability, 8-20 years; uses, bridges and house 

, lasts longer than the preceding for underground purposes, 

tilila: breaking-weight, 422 lb.; deflection, 2J in, ; absorption, 6 oz,; weight, 

nubility, 10-80 years ; logs average 2Q| ft, by 14| in,; uses, casks, tubs, carts, 

aod buildings; is the beat wood for oil-casks in the is land, 

idol: weight, 40 lb,; durability, 15 years; use, common house buildings. 

weight, 45 lb.; durability, 15 years; use, roofs of common buildings, 
ood: breaking-weight, 407 lb.; deflection, 1 in,; absorption 7 oz. : weight, 72 lb.; 
f, 10-60 years; logs average 22£ ft by 14§ in,; uses, bridges and buildings, 
breaking-weight 306 lb.; deflection, | in.; absorption t 17 oz ,; weight, 42 lb.; 
\ 25-80 years ; l iga average 21 ft by 17 in. t in .general use for buildings, boats, 
□da of furniture. 

: weight 65 lb.; durability, 40 years; use, common housebuilding, 
hberiya or Bastard ebony; weight 45 lb.; durability, 40 years ; use, furniture; 
of this wood is occasionally of great beauty. 

Milila: breaking-weight 385 lb.; deflection, 1 in. ; absorption, 8 oz.; weight, 
urubility, 15-80 years; logs average 16 ft by 18} in.: uses, water-caske, padd- 
Sgon-wheels, bullock-carts, bridges, and buildings, 

a: weight, 38 lb.; durability, 10-20 years; uses, axles for bullock bandies, and 

L 

:©la; weight, 38 lb.; durability, 30 years; uses, common house buildings ; when 
3, it is a beautiful wood, and is used for furniture and cabinet-work, 
dk: weight 36 lb.: durability, 20-30 years; uses, common furniture and 
lldinga 

alia; weight, 35 lb,; durability, 30 years; uses, principally for Inlaying orna- 
.mituro and cabinet-work, 

: weight 71 lb,; durability, 30-00 years ; uses, reepers (roof battens) and 

mm 

Liya: weight 561b,; durability,80 years; use, housebuildings, 
weight 43 lb.; durability, 5-10 years; uses, native oil presses and wooden 

mbo i weight 38 ib.; durability, 30 years; use, common bouse buildings, 
iurnta: breaking-weight 2521b.; weight 57 lb.; durability, 80 years; logs 
9 ft by 20J in,; use, furniture, being the moat valuable Ceylon wood next tt> 
ler. 

jfcaking-weigbt, 362 lb.; deflection, 1 in.; absorption, 15 oz.; weight, 61 lb.; 
f t 25*80 years; logs average 25 ft by 16 in.; uses* keek for dbomea, bridges, 

Lings. 

Hilda: breaking-weight 394 lb.; deflection, 1 in,; absorption, 8 oz.; weight, 
urabiiity, 20*90 years ; logs average 1C ft by 18} in,; uses, bridges* pade-boats, 
waggon-wheels, water-tubs, house buildings. 

ha; weight, 42 lb,; durability, 30-10 years; uses, water and arrack casks, 
s, and underground purposes. 

n : breaking-weight 437 lb. ; deflection, 1 id. ; absorption, 12 oz. ; weight 56 lb,; 
y, 60-80 years; logs average 15 ft, by 16 in,; uses, buildings and furniture. 

: weight, 49 lb.; durability, 30 years; uses, wheels and wells, 
r Coconut: weight, 70 lb,; durability, 20-50 years; uses, buildings, fancy boxes, 

iture* 

: weight 42 lb,; durability, 20-50 years; uses, carriages, palankius, £o.; in 
i it is a very good wood for window-sashes. 
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Bapn HUila: weight, 49 lb*; durability, 10-40 years: nsea, water-eaaki, cart an 
waggon wheels, pode-ljoats, bridges, and house buildings, 

Suriya: breaking-weight, 354 lb.; deflection, l\ in.: absorption, 16 oe.; weigh! 
49 lb.; durability, 20-40 years; logs average 12 ft. by 18 in,; uses, admirable foq 
carriages, hackeries, gun-stocks, end in buildings. 

Tal: lirealang-weight, 407 lb.; deflection, | in.; absorption, 13 ok.; weight, 65 Jh; 
durability, 80 years; usea, rafters and reepera (battens for roofs). 

Teak : breaking-weight, 33G lb,; deflect ion, J in.; absorption, 13 ok,; weight, 41 lb.,* 
durability, 15-90 years; logs average 23 Jl. by 11 \ in,: uses, carts, waggons, bridges, 
buildings, and arrack casks, imparting fine colour and flavour to the liquor, 

Ubbariya: breaking-weight, 232 lb.; weight, 51 lb,; durability, 80 years; me* 
rafters and reepersu 

Yelanga: weight, 3G lb,; uses, poles of bullock-carts, betel trays, and gun-stockx 
Walbombu: weight, 38 lb,; durability, 15 years; tme, common house buildings 
Woldomba: weight, 39 lb.; durability, 20 years; use, common bouse building!. 
Walukina: weight, 39 lb.; durability, 10 years; use, m/ists of dhonies. 

Welipenna: weight, 35 lb.; durability, 40 years; use, common house buildings. 
Wewarana : weight, 62 lb,; durability, GO years; uses, house buildings and pities. 
Enylith jmod *. — Tim spruce fir of Oxfordshire is used for scaffold-polos, coumseti 
carpentry, Ac.; the maple of the same county is valuable for ornamental work wLrfi 
knotted, it makes the best charcoal and turns well. The Wandsworth sycamore u tut«l 
in dry carpentry, turns well and takes a fine polish. The Wandsworth horse-ehestmt 
is used for inlaying toys, turnery, and dry carpentry. The Oxfordshire alder far 
common turnery work, &c., and lasts long under water or buried in the ground. Tto 
Killarncy arbutus is hard, close-grained, and occasionally used by turners; the Killarcej 
barberry is chiefly used for dyeing. The common birch of Epping is iuferlor in qualfh, 
but much used in the North of England for herring barrels. The Epping hornbeauj a 
very tough, makes excellent eoga for wheels, and is much valued for fuel. Ccnmfl 
chestnut is valuable in ship-building, and is much in repute for posts and rails, hop-pdrx 
lVc, Cedar of Lebanon makes good furniture, and is sometimes employed for ornameatil 
joinery work* The common cherry is excellent for common furniture, and much it 
repute: it works easily, and takes a fine polish. The young wood of the common wi 
is used for fishing rods, walking sticks, ftc. Tho Epping whit© thorn is hard, firm, ^ 
susceptible of a fine polish; that of Mortlake is fine-grained and fragrant, anti very 
durable. Oxfordshire common laburnum is hard and durable, and much used by turmn 
and joiners, Lance wood is hard and fine-grained, arid makes excellent skewers. Olfcth 
shire common beech is much used for common furniture, for handles of tools, wo«lrt» 
vessels, &c,, and when kept dry is durable. Oxfordshire common ash is very tough iM 
elastic. It is much used by tho coachmtiker and wheelwright, and for tho making df 
oars. Holly is the beat whltewood for Tunbridge ware, turns well, und takes a vtrt 
flue polish. The common walnut of Sussex is used for ornamental furniture, is uuichtt 
reputo for gun-stocks, and works easily, Oxfordshire larch is excellent fur house 
pentry and ship-building; it is durable, strong, and tough. Mortlako common nmlbst? 
is some times worked up into furniture, and is useful to turners, but is of little durability 
Silver fir is used for house carpentry, masts of small vessels, &c, Oxfordshire 
makes good rafters and girders, and supplies wood for house carpentry. The Wain!* 
worth plane is an inferior wood, but is much used in the Levant for furniture. Tto 
damson of that part is bard anti flue-grained, but not very durable, and Is suitable U 
turning. The laurel is bard and compact, taking a good polish. The Yorkshire mot* 
tain ash is fine-grained, hard, and takes a good polish, and is of great value for tum-Ti 
and for musical instruments, Yorkshire crab is hard, close-grained* and strong* Eppkf 
Service-tree, hard, flue-grained, and compact, and much in repute by millwrights fa 
friction rollers, fre, Wandsworth evex^rwtx c<ss& ta sbaky when aged l* 



Carpentry—W oodB. 


155 


mg laid durable, and makes an excellent charcoal. Sussex oak is much esteemed for 
p-huilding, and is the strongest and most durable of British woods. Welsh oak is a 
j<d woed for ship-building, but is said to bo inferior to tbo common oak. Bpping com* 
n %n*na is much used for treenails in ship-building, and in the United States is much 
repute for jogti and rails. Surrey white willow is good for toys, and used by the 
alirright; it is tough, ©Initio, and durable. Oxfordshire iwdm willow is tough and 
tenc, ** much used for handles to tools, and makes good hurdles. Oxfordshire crack 
iiBow is light, pliant, and tough, and is said to be very durable. The yew is used for 
sting bows, chairs, handles, Ac.; the wood ia exceedingly durable, very tough, elastic, 
»J fine-grained. Wandsworth common lime ia used for cutting blocks, carving, sound¬ 
boards, end toys. Englkh elm is used in ship-building, for under-water planking, 
a variety of other purposes, being very durable when kept wet, or buried in the 
ink; and Oxfordshire wycb elm is considered better than common elm, and is used in 
rpmtrr, ship-building, &e. Specimens of the above were shown at tb© Great Exhibi- 
oof '! an2. Of course, the list is for from being exhausted, still sufficient has been 
1 tr giv© an idea of the various u^cs to which our home-grown wood can bo put. 

irood*.—In the following descriptions of Indian woods, the “ weight ** denotes 
t of 1 cob, ft. of seasoned timber, “elasticity” is tho coefficient of elasticity, 
ihemioxi n is the cons taut of direct oohesioa in lb. per sq. in., “ strength ” is the con* 
at <if strength in lb. for cross strains. 

Abies ftmithtiuia: furnishes a white wood, easily split into planks, but not esteemed 
r strong ur durable; used as 4t shingle *' for roof coverings. 

Aach arahioi: weight 54 lb.; elasticity, 4186; cohesion, 16,815 lb.; strength, 
ib.; seldom attains a height of 40 ft., or 4 ft. in girth : its wood is cloae-gmiued 
il tough; of m pale-rod colour inclining to brown; can never be had of largo siste, 
(L is generally crooked ; med for spokes, naves, and felloes of wheels, ploughshares, 

Acadia Qrtcdin: weight, 56-60 lb.; a heavy, close-gmincd, and hrnwmah-rcd wood, 
great strength and durability ; employed for posts and uprights of houses, spear and 
on! handler, ploughs, pins and treenails of cart-whecla; but rarely available for 

iiber. 

Acacia data: weight, SO lb.; elasticity, 2926; cohesion, 95181b.; strength, €>05 lb.; 
Tubbing lego 20-30 ft. long, and 5-6 ft. in girth; wrx«l red, hard, strong, and very 
nhte, iued in posts for buildings, and in cabinet-work. 

Acku kmeopldma: weight,55 lb.; elasticity, 4086; cohesion, 16,288 lb.; strength, 

. Ib.; re^'inbliA A. arnbim and him similar uses. 

A acia modcsta; very hard and tough timber, suitable for uwiking mills, Ac, 

Ac^ i» spiiciofia: weight, 55 lb.; elasticity, 3502; strength, 600 lb.; grows to 
-50 ft in height and 5-6 ft. in girth; tho wend is said by some writers to l>e hard, 
rasg* and durable, never warping or cracking, and to be used by the natives of South 
ia for naves of wheels, pestles and mortars, and for many other purpose*; but in 
ortlieru India it is held to be brittle, and fit only for such purposes as box planks and 
twood. 

A cimia sijpnln ta: weight, 56 lb.; elasticity, 4474; cohesion, 21,416 lb.; strength, 
3 ib.; furnishe* large, strong, compact, stiff, fibrous, coarse-grained, reddish brown 
ul*-r T well suited for wheel nave^ furniture, and house-building. 

Ad«-UAntbera jxmmina: weight, 531b.; elasticity, 31031b. ; cohesion, 17,846 lb.; 
ength, 8C3-IOGO lb.; timber does not enter tho market in large quantities; is strung, 
I not irifT: hard and durable, tolerably clnae and even-grained, and stands ft good 
lull s w hen frerti cut, it is of beautiful red coral colour, with a fragrance somewhat 
embling mmlalwood; after exposure it becomes purple, like rosewood; used 
tea u sandalwood, and adapted for cabinet^mnking purposes. 

AlUz.ihi&exeefm wood h white, light, and not durable ; uoed for BcdbWdft, 
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Albizzia ekta: weight, 42-55 lb*; need by the Burmese for bridges and house-porf*, | tn 
it hse a largo proportion of sap wood, but the heart wood is hard and durable; nut 1^ 
eventually become a valuable article of trade* I „ 

Albizzia stipulate; weight* 66 lb.; has a beautifully streaked brown heartvtoi 1 
which la much prized for cart-wheels and bells for cattle* 

Albizzia sp* (Kokoh): weight, 46 lb*; elasticity, 4123; cohesion, 19,263 
strength, 355 lb.; much valued by the Burmese for cart-wheels, <ril*pn»at'* uni L \ 
eanoea* I.. 

Artoearpus hirsute (Aujilli): weight, 40 lb*; elasticity, 3905; cohesion, iD.OTttlh; I 
strength, 744 lb*; especially esteemed a a a timber bearing submersion in water; duntto* I 
and much sought after for dockyards as second only lo teak for shipbuilding; alio and ft „ 
for house-building, canoes, Ac. 

Artocarpuii integrifolia (Jock): weight, 44 lb,; elasticity, 4030; cokearfl f, 

16,420 lb*; strength, 788 lb.; wood when dry is brittle, and has a coarse and or- M 1 
grain; is, however, suitable for some kinds of house carpentry and joinery; tobfca 1 
musical instruments, cabinet and marquetry work, Ac,; wood when first cut is ycltof, I 
afterwards changing to various shades of brown, 

Artoearpus Lncoocha (Monkey Jack); weight, 40 lb*; wood used in Burma (f 1 
canoes. 

Artoearpus mollis : weight, 30 lb.; used for canoes and earbwheels, 

Azadimcbta Indica (Neem): weight, 50 lb, ; elasticity, 2672-3183; eohe*^ 1 

17,450 lb*; strength, 720-752 lb*; wood is hard, fibrous, and durable, except feus I 
attacks of insects; it is of a reddish-brown colour, and is used by the natives for sgncul* C 
tural and building purposes; is difficult to work, but is worthy of attention far on* 1 
mental woodwork ; long beams are seldom obtainable ; but the short thick planks orr Li I 
much request for doors and door-frames for native houses, on account of the fngjisi I 
odour of the wood. 

BarringtonU acutangula: weight, 56 lb*; elasticity, 4006; cohesion, 19,560 tb.; I 

strength, 863 lb. ; wood of a beautifully red colour, tough and strong, with a fine grata L 

and susceptible of good polish ; used in making carts, and is in great request by abac* 1 
makers* 

Barrington in raccmoaa; weight, 56 lb.: elasticity, 3845; cohesion, 17,765 1k; 1 
strength* 619 lb,; wood is lighter coloured, and dose-grained, but of less strength this I 
that of the last-named species; used for house-building and cart-framing, and hu^ I 
employed for rail way-si copers, 

Baesia latifolia: weight, 66 lb.; elasticity, 3420; cohesion* 20,070 lb.; streagtit I 
760 lb.; wood is sometitm*, used for doors, windows, and furniture ; but it is said to ¥ I 
eagerly devoured by white ants, 

Bassia longifolia: weight, 60 lb.; elasticity, 3174; cohesion, 15,070 lb,; strength* I 
730 lb.; is used for spurs in Malabar, and considered nearly equal to teak, though ft 
smaller, 

Bauhinia variegate: centre wood Is hard and dark like ebony, but seldom 1 
enough for building purposes* 

Berry a ammonilla (Trinoomallie) ; weight, 50 lb*; elasticity, 3836; ceh&swfV 1 
26,704 lb,; strength* 784 lb,; most valuable wood in Ceylon for naval purpose* atJ I 
furnishes the material of the Maxims Husoote boats; considered the best wood for I 
capstan bars, crosstrees, and fkhes for masts: is light, strong, and flexible, and take! tto I 
place of oah in Southern India for shafts, helves, &c* 

Bignonia chelonoidee; weight, 48 lb.; elasticity, 2804; cohesion, 16*0571b*; strength I 
642 lb.; wood is highly coloured orange-yellow, hard, and durable; a good fancy wwA 1 
and suitable for building* 

Bignonia stipulate: weight, 64 lb*; elasticity,5033; cohesion, 28,998 lb*; strec^ 
1386 lb*: furnishes logs 18 ft* in length and 4 ft. in girth, with strong, fibrous, eivfa 
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siber, reambling teak; used in house-building, and for bows and spear-handles; one 
the strongest, densest, and most valuable of the Borman woods. 

Bonibax heplaphyllum: elasticity, 2225; cohesion, G951 lb.; strength, C78 lb,; 
|ht Itioaegmned wood, valueless as timber, but extensively used for peeking cases* 
a-ehests, and camel trunks; and as it does not rot in water, it is useful for stakes in 
jial banks, Ac,; long planks 3 ft. in width con be obtained from old trees, 

Bora 53 1 is flabeliiformis; weight, 65 lb.; elasticity, 4904; cohesion, 11,898 lb,; 
rengxh* 944 lb.; timber is very durable and of great strength to sustain cross strain ; 
&ed for raft eta, joists, and battens ; trees have, however, to attain a considerable age 
if ore they am fit for limber. 

firiedelia spinosa: weight, GO lb.; elasticity, 4132; cohesion, 14,801 lb,; strength, 
>2 lb. ; strong, tough, durable, dose-grained wood, of a copper colour, which, however, 
i iwxt easily worked; employed by the natives for cart-building and house-beams, and 
i also used for railway-sleepers ; lasts under water, and is consequently used for well- 

orba 

Butta frondoea: wood is generally small or gnarled, and used only for firewood ; in 
luxe rot, however, it is extensively used for house purposes, and deemed durable and 

trong. 

Busks nepalensia : a very valuable wood for engraving, but inferior to the Black Sea 
rind of bus in closeness of grain and in hardness. 

Byttnerin sp.: weight, 63 lb.; elasticity, 4284 : cohesion, 26,571 lb.; strength, 
.012 lb.; wood of great elasticity and strength, invaluable for gnu-carnages; need by 
Bunn* se for axles, cart-pol es, and spear-ban dies, 

Ctesatpinia Sappan : weight, GO lb.; elasticity, 4700; cohesion, 22,578 lb.; strength, 
1&40 lb,; admirably adapted for ornamental work, being of a beautiful ■* fiatue ,J colour, 
mil b a iBiDOth glossy surface, easily worked, and neither warping nor cracking. 

Golophylium angustifolium ; weight, 45 lb.; elasticity* 2944 ; cohesion, 15.864 lb.; 
trength, 612 lb,; see Food, p. 145. 

CalopbyHum long!folium; weight, 45 lb.; elasticity, 3491; cohesion, 16,388 lb.; 
itrength, 546 lb.; a red wood, excellent for musts, helves, Ac., and also (when well 
tleained and polished) for furniture; but it does not appear to be abundant. 

Corey a arborea: weight, 50-56 lb.; elasticity, 3255; cohesion, 14,803 lb.; strength, 
B75-870 IK: furnishes a tenacious and durable wood, which admits of a fine polish ; 
4oes not, however, appear to be much used as timber, except in Pegu, where it grows 
to & very large size, and is the chief material of which the carts of the country are 
Blade, and the red wood is esteemed equivalent to mahogany. 

Casuariim nmricata: weight, 55 lb,; elasticity, 4174 : cohesion, 20,887 lb.; strength, 
&20 lb.; yields a strong, fibrous, stiff timber, of reddish colour. 

CatbartocarpuB Fistula: weight, 41 lb.; elasticity, 3153; cohesion, 17,705 lb.; 
length* 846 lb.; generally a small tree, whose close-grained, mottled, dark-brown wood 
b suited for furniture ; in Malabar, however, it grows large euough to be used for spars 
native bouts. 

Cedrela Tooua: weight, 31 lb.; elasticity, 2684-3568; cohesion, 9000 lb.; strength, 

SCO Sb.; see Toon, p. 149. 

Gedms Deodara; elasticity, 3205-3925 ; strength, 456^625 lb.; see Deodar, p. 132. 
Chieknuuia tabuiaris : weight, 42 lb.; elasticity, 2876 ; cohesion, 9943 lb.; strength, 
Ik; stronger and tougher than Toon (p, 149), but very liable to warp; used as 

*b*hogitny by robin e Km akers. 

Chkrr&xylon Bwietenia: weight, 60 lb.; elasticity, 4163; cohesion, 11,369 lb.; 
■traigth, 879 lb.; sou Satmwood, p. 147. 

Cocos uueifera; weight, 70 IK; elasticity, 3605; cohesion, 9150 lb.; strength, 
®Q4J lb. ; gives a liard and durable wood, fitted for ridge-poles, rafters, battens, posts, 

Ujats, ik. 
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Connarus speciosa: heavy, strong, white timber, adapted to every pnpOBBofkmi r 
building. 

Conocarpus acuminatus : weight, 59 lb.; elasticity, 4352; cohesion, 20,638 Ik; : - 
strength, 8801b.; heartwood is reddish brown, hard, and durable; used for boon ai 
cart building; exposed to water, it soon decays. - 

Conocarpus latifolius: weight, 65 lb.; elasticity, 5038; cohesion, 21,155 IK; stnsA " 
1220 lb.; furnishes a hard, durable, chocolate-coloured wood, very strong in ■nitiftiaf - 
cross strain; in Nagporo 20,000 axletrees are annually made from this wood; itie wal 
suited for carriage shafts. 

Dalbcrgia lntifolia; weight, 50 lb.; elasticity, 4053 ; cohesion, 20,283 IK; itaagK - 
912 lb.; perhaps the mo*t valuable tree of the Madras Presidency, furnishing the vet 
known Malabar black wood; the trunk sometimes measures 15 ft. in girth, and pMf 
4 ft broad are often procurable, after tho outside white wood has been removed ;mi = 
for all sorts of furniture, and is especially valued in gun-carriage manufacture. 

Dalbergia oojeinensis; centre timber is dork, of great strength and tongfrnm 
especially adapted for cart-wheels and ploughs. 

Dalbergia Sissn: weight, 50 lb.; elasticity, 3516-4022; cohesion, 12,072-21,257Ik 
strength, 70G-807 lb.; see Sissu, p. 147. 

Dillenia pentagyna; weight, 70 lb.; elasticity, 3650; cohesion, 17,053IK; rtwngft, 
907 lb.; furnishing some of tho Poon spars of commerce ; wood used in house and sUf 
building, being close-grained, tough, durable (even under ground), of a reddish-brov* 
colour, not easily worked, and subject to warp and crock. 

Dillenia speciosa: weight, 45 lb.; elasticity, 3355; cohesion, 12,691 lb.; strength, 
721 lb.; light, strong, light-brown wood, of tho same general characteristics with th» 
preceding tree; used in house-building and for gun-stocks. 

Diospyros Ebenum: seo Ebony, p. 132. 

Diospyros liirsuto: weight, 60 lb.; elasticity, 4296; cohesion, 19,830 lb.; staogtk 
757 lb.; seo Calamander wood, p. 152. 

Diospyros melsnoxylon: weight, 81 lb.; elasticity, 5058; cohesion, 15,875 Ik; 
strength, 1180 lb.; furnishing a valuable wood for inlaying and ornamental tumay; 
the sapwood white, the heartwood even-grained, heavy, close, and black, standing a h$ 
polish. 

Diospyros tomentosa: furnishing a hard and heavy black wood; young tmes i» 
extensively felled by tho natives as cart-axles, for which they are well suited fromtfadr 
toughness and strength. 

DipterocarpuB alatus: weight, 45 lb.; elasticity, 3247; cohesion, 18,781 IK; stimgh 
750 lb. . timl)cr is excellent for every purpose of house-building, but if exposed w 
moisture is not durublo; it is hard and coarse-grained, with a powerful odour,sudd 
light-brown colour. 

• Dipterocarpus turbinatus: weight, 45-49 lb.; elasticity, 3355; cohesion, 15,070 Ik; 
strength, 7G2-807 lb.; a coarse-grained timber of a light-brown colour, not fls4f 
worked, and not durable; used by the natives for house-building, in sawn planks,vVA 
will not stand exposure and moisture. 

Emblica officinalis: weight, 46 lb.; elasticity, 2270; cohesion, 16,964 IK; stzsnA. 
562 lb.; furnishing a hard and durablo wood, used for gun-stocks, furniture, boxes, srf 
veneering and turning; is suitable for well-curbs, as it does not decay under woteL 

Erythrina indiea: furnishes a soft, white, easily worked wood, being light, bated* 
strength, nncl eagerly attacked by white ants; used for scabbards, toys, light boxes 
trays, &c.; grows very quickly from cuttings. 

Feronia elephantum : weight, 50 lb.; elasticity, 3248; cohesion, 13,909 IK; stNBgfk 
645 lb.; a yellow-coloured, hard, and compact wood, used by the natives in hows-*4 
cart-building, and in some places employed as railway sleepers. 

Ficus glomerate (Gooler): weight, 40 lb.; elasticity, 2096-2113; cohesion, 12,011 
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lgtii, 5S8 Hi,: wood U light, tough, coarsegrained, and brittle; tided for door-panels, 
Iseing very durable under water, for well-curbs. 

"it oa indioa (Banyan): weight, 36 ib. ; elasticity, 2876; cohesion, 9157 lb,; strength, 
Ik; wood is brown-coloured, light, brittle, and coarse-grained, neither strong nor 
dde (except under water, for which cause it is used for well-curbs); the wood, 

• ver, of its pendant aerial roots is strong and tough, and used for yokes, tent- 

K &C. 

‘"Vri* religteaa; weight, 34 lb,; elastic ifcy, 2371-2454 ; cohesion, 7535 Ib.; strength, 
5St Ik; jumllur in appearance, characteristics, and uses to banyan, 
imelins arborea; weight, 35 lb.; elasticity, 2132; has a pale-yellow wood, light, 
y worked, not shrinking or warping, strong and durable, especially under water; 
t'however, readily attacked by white ants; used for furniture, carriage panels, 
m, Ac* ; in Burma, for posts and house-building generally, 

irvwia elastic**: weight, 34 lb.; elasticity, 2870; cohesion, 17,450 lb. ; strength, 
lb.; wood generally is procured in email scantlings, suitable for apeur-ahafts. carrnge- 
doolypoka, bows, and tool-handles* for which it is admirably adapted, being light, 
flexible, and fibrous, resembling lancewood or hickory. 

* Uniterm longifolia: weight, 37 Ib.; elasticity, 28DO; cohesion, 14,720 lb,; strength, 
lb.; wood hi very Sight and flexible, but only used for drum cylinders. 

lard wick in binata: weight, 85 lb.; elasticity, 4579 ; cohesion, 12,016 lb.; strength, 
Ik; furnishing a red- or dark-coloured, very hard, very strong and heavy wood, 
d for jHJSts, pillars, and piles ; excellent also for ornamental turnery, 

Icriticm minor: weight, G4 lb.; elasticity** 3775-4677; cohesion, 20,112 lb.; 
igth, 816-1312 lb.; the toughest wood ihnt 1ms been tested in India, and stands 
nit a rival in strength ; is used for piles, naves, felloes, spokes, carriage shafts and 
i : is, however, a perishable wood, and shrinks much in seasoning, 
lope* odorata : weight, 45-58 lb.; elasticity, 3GG0 ; cohesion, 22,209 lb.; strength, 
*00 Ik; one of the finest timber trees of British Burma, sometimes reaching 80 ft, 
to the first branch, and 12 ft. in girth—a largo boat of 8 ft. beam, and carrying 
is* being sometimes made of a single scooped-out trunk; wood is close, even-grained, 
U glit-brown colour, 

npi Jacob*: heart wood is black, and called 11 iron wood” in Burma, 
nga xyloc.irpa; weight, 58 Ib.; elasticity, 4283; cohesion, 16,657 lb.; strength, 
Ik; furnishing * wood of very superior quality, heavy, hard, close-grained, and 
Ur, and of a very dark-red colour; it is, however, not cosily worked up, and resists 
; is extensively used for bridge-budding, posts, piles, Ac + , and is a good wood for 
*ii. lasting (when judiciously selected and thoroughly seasoned) for 6 yours, 
uglans ngia (walnut); its beautiful wood is used for all sorts of furniture and 
jet wmk in tho bazaars of lb© Hill stations. 

-agt-rstneemia reginm: weight, 401b,; elasticity, 3G65; cohesion, 15,383 lb.; strength, 
m lb.; the wood is used more extensively than any other, except teak, fur boat-, 
, and house-building, and in the Madras Gun-carriage Manufactory for felloes, 
*, framings of waggons, Ac. 

fangibnt indiea (mango): weight, 42 lb.; elasticity, 3126-3710; cohesion, 
-9518 Ik; strength. 560-G32 Ik; wood is of inferior quality, coarse, and open- 
aed, of a deep-grey colour, decaying if exposed to wet, and greedily eaten by white 
; is* however, largely used, being plentiful and cheep, for common doors and door- 
I* boards and furniture ; also for firewood ; should never be used for beams, ns it la 
e to snap off short. 

itcIanorhcD* usitotisrima: weight, 61 lb.; elasticity, 3010; strength, 514 lb.; fur¬ 
ea a dark-wl* hard, heavy, close and even-grained and durable (but brittle) timber; 
for helves, aheav&*btookj, machinery, railway sleepers, Ac, 

Celia Aadtrack ; weight, 30 lb.; elasticity, 2516; cohesion, 14,277 Ik; strength, 
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596 lb,; soft, red-coloured, loose-textured wood (resembling in appearance cedar), is use 
i?uly for light furniture. 

Mieheliu Champaca; weight, 42 lb.; in Mysore, trees measuring 50 ft in girth 3 0 
above ground-level are found, and slabs 6 ft. in breadth cun bu obtained; as the worn 
takes a beautiful polish it makes handsome tables * it is of a noli brown colour, 

Mitlingtoma hortensis: wool is white, fine and close-grained, but of little use. 

Mhmisopa elengi; weight, 61 lb. ; elasticity, 3653: cohesion, 11,369 lb.: Ntrvrtijtii 
632 lb.: wood is heavy* close and even-grained, of a pink colour* standing a good polish 
and is used for cabinet-making purposes, and ordinary house-building. 

MJinusops hexandra : weight, 70 lb,; elastic!ty t 3948; cohesion, 19,036 lb.; strength 
944 lb,; furnishes wood very similar to the last named: used for similar purposes, tm 
for instruments, rulers, and other articles of turnery* 

Mimusops indica : weight* 48 lb,; elasticity, 4296; eohesionj 23,824 lb.; strength 
845 lb.; a coarse-grained, but strong, fibrous, durable wood, of u reddiah-brown colour- 
used for 1 muse-building and for gun-stocks. 

Moms indica (mulberry): wood is yellow, close-grained, very tough, and well 
for turning. 

Nauclea Cad umbo: a hard, deep-yellow, loose-grained wood* usoJ for furniture; i 
the Gwalior bazaars it hi the commonest building timber, and U much used for mfU.?! 
on account of cheapness and lightness; but it is obtained there only in tun* 
soaatllngs. 

Nauclea cordifblia; weight, 42 lb.; elasticity, 3052-3467; cohesion, 10.131 ll> 
strength, 506-664 lb.; a soft, close, even-grained wood, resembling in appearance boi 
but light and more easily worked, and very susceptible to alternations of temperature 
is esteemed as an ornamental wood for cabinet purposes. 

Kiticlaii parviflora: weight, 42 lb,; strength, 400 lb, * a wood of fine grain, eull 
worked, used for flooring-planks, packing-boxes, and cabinet purposes * much usd la 
the wood-ear vers of Bftha run pore. 

Phoenix eylveatris: weight, 39 lb*: elasticity, 3313; cohesion, 8356 lb*: ebengt 
512 lb. 

Piccu w ebb Luna; weight, 8S lb,; wood is white, soft* easily split, and used as ihmg' 
for roofing* but ts not generally valued as timber. 

Firms exoelea (Silver Fir): furnishing a resinous wood much used for fiaiube&u* 
durable and close-grained; much used for burning charcoal in tho hills, and al$o fo 
building. 

Finns longifolia: elasticity, 8672-4663; strength, 582-735 lb.; being common at* 
light, is largely used in house-building; requires, however, to bo protected from th 
weather, and is suitable for only interior work in houses. 

Poo gam La glabra; weight, 40 lb*; elasticity, 3481; cohesion, 11,104 lb.; strength 
686 lb.; wood is light, tough, and fibrous, but not easily worked* yellowish brown * 
colour* not taking a smooth surface; solid wheels arc made from this wood; it is, 
ever, chiefly used us firewood, ami its boughs and leaves as manure. 

Prosopia sptcigero: a strong, hard, tough wood, easily worked. 

Paidium pomiferum (Guava): weight, 47 lb.; elasticity, 2676; cohesion, 13,116 lb 
strength, 6181b.; furnishes a grey, hard, tough, light, very flexible, but not ftmol 
wood, which is very close and fine-grained, and easily and smoothly worked* so that d 
ta fitted for wood-engraving, and for handles of scientific and other instruments, 

Pterocarpus dalbergioides: weight, 49-56 lb.; elasticity, 4189; cohesion, 19,636 Ik* 
strength, 864-934 lb.; furnishes a red, mahoganydike timber, prized by the nsti*^ 
above all others for cart-wheels, and extensively used by Government in tho construct** 
of ordnance carriages. 

Pterocarpus Morsuplmn: weight, 56 lb.; elasticity* 4132; ooheslon* 19*946 JhJ 
strength, 808 lb ,; wood is light-brown, strong, and durable, dos^graiaed, but 
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r#.<ly work cal ; it is extensively used fat cart-framing and house-building, but should 
be protected from.«vct; also well fitted for railway sleepers* 

Pterocarpus Santalinue (Red Sandal); weight, 70 lb*; elasticity, 4582: cohesion, 
10,036 lb-; strength, 075 lb .; heavy, extremely bard, with a lino grain, and is suitable 
for turnery, being of a dark-red colour, and taking a good potish, 

Ptertwpenniim acerifoliu.ro: a dark-brown wood of great value, and as strung as teak ; 
but its durability has not yet been tested. 

Yu tnnjiya BaxburgMi: wood is white, close-grained, very hard, durable, and suited 

tor taming. 

Quercus spp, (Oak)* woods are heavy, and do not float for two years after felling, 
beoee they are not sent down the rivers into the plains, 

Rhus acuminata; furnishes a wood much valued by cabinet-makers for ornamental 
furniture i planks 8 x 2$ ft. can be obtained from some trees* 

iuit&iiim album (Sandal); weight, 58 lb,; elasticity, 3481; cohesion, 111,461 lb.; 
*ln®^th,874 lb,; valued for making work-boxes, and small articles of ornament;.and 
tor *sid robe-boxes, Ac., where its agreeable odour is a preventive against insects, 

Sfcpindua emarginatus: weight, 64 lb,; elasticity, 3065; cohesion, 15,405 lb. ; 
ftreugth, 682 lb.; fumbking a hard wood, which is not durable or easily worked, and is 
tale to crack if exposed; but is used by natives for poets and door-frames, also for fuel 
SchMchem trijugn: a red, strong, hard, and heavy wood, used for oil-presses, sugar- 
mulists, and axles; a largo and common tree in Burma, where excellent solid cart- 
etals are formed from it. 

Share* obtusa; weight, 58 lb-; elasticity, 3500: cohesion, 20,254 lb.; strength, 
736 Ih,; a heavy and compact wood, closer and darker coloured than ordinary sal, used 
for making carta, and oil- and rioe-milla. 

Sbcrca robust* (Sal): weight, 55 lb,; elasticity, 4200-4063; cohesion, 11,521- 
15JR3 lb.; strength, 7*50-880 lb.; furnishes the best and moat extensively used timber 
in Northern India, and is unquestionably tho most useful known Indian timber for 
tagiaeermg purposes ; is used for roofa and bridges, chip-building and house-building, 
itferpeif*, &c*: timber la straight, strong, and durable, but seasons very slowly, and is for 
ttony years liable to warp and shrink. 

Sanneratia apetala: yields a strong, hard, red wood of coarse grain, used in Calcutta 
tor [iii^kiog-caacji for beer and wine, and is also adapted for rough Louse-building 

1 purpose*. 

Soyraida febrifugal weight, 661b.; elasticity, 3986; cohesion, 15,070 1b.; strength, 
1024 lb.; furnishing a bright-red close-grained wood, of great strength and durability, 
preferred above all wood by the Southern India Hindus for the woodwork of their 
b^ses; though not standing exposure to sun and weather, it never rots under ground 
nr in masonry, and is very well suited for palisades and railway nl nepers* 

Stercnlia fretida: weight, 28 lb,; elasticity, 3349; cohesion, 10,7361b.; strength, 
Wl lb,; in Ceylon it is used for house-building, and in Mysore for a variety of purposes, 
tolmg the place of tho true Food ; wood is light, tough, open-grained, easily worked, 
iplitting nor warping, in colour yellowish-white. 

Sjrygitim jambolanum : weight, 48 lb.; elasticity, 2746; cohesion, 8840 Ik; strength, 

Ik; brown wood is not very strong or durable, but is used for door and window- 
tan** of native houses, though more generally as fuel; is, however, suitable for well 
OMifti works, being almost indestructible under water. 

Taniarindus itidica (Tamarind): weight, 79 lb.; elasticity, 2803^3145; cohesion, 

' M lb; strength, 816-864 lb.; beartwood is very hard, close-grained, dark-red, very 
W to be worked; used for turnery, also for oil-presses aud sugar-crushers, mallets, 
tad plane-bandits; is a very good brick-burning fuel. 

Tectotia grand Is (Teak*: weight, 42-45 lb.; elasticity, 3978; cohesion, \4*49&- 
15,467 Ik ; atreugtlb &S3S14 Ib>; wood is brown, and when freak cut la IrugtauV, vetf 
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bard, yet light, easily worked, and though porous, strong and durable; soon seaso 
and shrinks little; used for every description of house-building, bridges, gun-cam* 
ship-building, &e. 

Terminalia Aijnna: weight, 54 lb.; elasticity, 4094; cohesion, 16,288 lb.; strei 
820 lb.; furnishes a dark-brown, heavy, very strong wood, suitable for masts and bj 
beams and rafters. 

Terminalia Belerica: wood is white, soft, and not used in carpentry. 

Terminalia Chebula: weight, 32 lb.; elasticity, 3108 ; cohesion, 7563 lb.; strei) 
470 lb.; wood is used in Southern India for common house-building, but it is light 
coarse-grained, possessing little strength, and liable to warp. In Burma it is uset 
yokes and canoes. 

Terminalia coriacea: weight, 60 lb. ; elasticity, 4043 ; cohesion, 22,351 lb.; strei 
860 lb.; the heartwood is one of the most durable woods known: reddish-brown, he 
tough, and durable, very fibrous and elastic, close and even-grained; used for b< 
and posts, wheels, and cart-building generally, and telegraph-posts; is durable u 
water, and is not touched by white ants. 

Terminalia glabra: weight 55 lb.; elasticity, 3905; cohesion, 20,085 lb.; strei 
840 lb.; furnishing a very hard, durable, strong, close and even-grained wood, of a d 
brown colour, obtainable in large scantling, and available for all purposes of h( 
building, cart-framing, and furniture. 

Terminalia tomentosa: supplies a heavy, strong, durable, and elastic wood; is, 1 
ever, a difficult timber to work up, and splits freely in exposed situations; good woo 
joists, beams, tie-rods, &c., and for railway purposes, and is often sold in the ma 
under the name of s&l, but it is not equal to that wood. 

Thespesia populnea: weight, 49 lb.; elasticity, 3294 ; cohesion, 18,143 lb.; strei 
716 lb.; grows most rapidly from cuttings, but the trees so raised are hollow-cen 
and only useful for firewood; seedling trees furnish a pale-red, strong, straight, 
even-grained wood, easily worked; used for gun-stocks and furniture. 

Trewia nudiflora: a white, soft, but close-grained wood. 

Ulmus integrifolia: (Elm): a strong wood, employed for carts, door-frames, &c. 

Zizypkus Jujuba : weight, 58 lb. ; elasticity, 3584; oohesion, 18,421 lb.; strei 
672 lb.; red dark-brown wood is hard, durable, close and even-grained, and well ada 
for cabinet and oriental work. 

New Zealand Foods.—The dimensions of the specimens described in the folloi 
table were 12 in. long, and 1 in. sq. 


Name. 

Specific 

Gravity. 

Weight of 

1 Cub. FL 

Greatest 
Weight 
Carried with 
Unimpaired 
Elasticity. 

Trantn 

Strengt 

Hinau {Elseocarpus dentatus) 

•562 

lb. 

33*03 

lb. 

940 

lk 
125 •( 

Kahika, supposed white pine 

•502 

31-28 

57-3 

Tri 

Kahikatea, white pine (Podocarpus 
dacrydioides ), 

•488 


57*9 

1060 

Kauri {Dammara australis) 

•623 

38*96 

97-0 

165-5 

Kawaka {Libocedrus Doniana) .. 

•637 

39-69 

750 

120-0 

Kohekohe {Dysoxylum spectabile) 

•678 

42-25 

920 

117-4 

Kowhai {Sophora tetraptera) 

Maire, black {Olea Cunninghamii) 

•884 

55 11 

98-0 


1159 

72-29 

1930 

314-2 

Maire (Eugenia maire) .. 

•790 

49*24 

106-0 

179-7 

Mako {Aristotelia racemosa) 

•593 

33*62 

620 

122-0 

Manoao (Dacrydium colensoi) 

•788 

49*1 

200 0 

230-0 

Mangi, or mangeo (TetrarUhera calicaris) 

•621 

i 

38*70 

_ 

1090 

137-8 
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Same. 

Specific 

Gravity. 

Wright «r 
i Cub Ft. 

Greatest 
Weight 
CAtrled n ith 

Unimpaired! 
Elastic If y. 

Transverse 

Strength. 



lb. | 

lb. 

n>. 

IfAQui a (L^piovpfrm u m ericoidtj) 

-943 

5900 

115*0 

239 0 

Mip&s, red {Myrtine urvillci} 

’991 

61‘82 

92*0 

192*4 

™*pa» blsck tnnpau (FiUowpsrmum 
U*utfuliur *) 

* 955 

60*14 

125*0 

243-0 

MiUi {Podocarpu* spfeafa) 

*787 

49*07 

133*0 

197*2 

Mir? (pwioearpus ferrutjiftfa) .. 

-658 

40*79 

103-0 

190-0 

^(Fdaittorakf) .. .. ,, 

*959 

53*5 

175'0 

223-0 

3Ub N or iron wood {Matroaideron I undo) 

1045 

65* 13 

93*0 

196*0 

Bcvurewa {Kntrfhtm czetdsa) 

‘785 

48*92 

93-0 

161-0 

Item, rtxi pine ( iMcnjiitmn cupremnnm} 

*563 

36-94 

92*8 

140*2 

Tenure {Ne*o*iaphne turn ire) .« 

*888 

55-34 

99*6 

112*3 

Tiwft (i\«w>dapA ns lamt ) 

*761 

4745 

142*4 

205 5 

Tivirikolm-kobu. or white mupau 
(Cerjiodrfws sefr<ifia) .. ,, 

*822 

51*24 

80-0 

177*6 

Titoki (Altdryon csetlffitm) 

‘916 

57*10 

116-0 

248*0 

Tutim {Podomrpu* totafa) 

*559 

35*17 

77*0 

133*6 

T&tsi, rtnl birch (Fagtti 

Toisi, black birch (Fagus futea ) 

-626 

38-99 

73-6 

158-2 

‘780 

48 62 

108-8 

202*5 


Quamjamd Wood **—Among the principal me the following i — 

Acacia pendula (Weeping Myall): 6-12 in. diam.; 20-30 ft. high; wood is hard* 
a ( lose texture, end & rirk dark colour. 

Barklja syringifolia: 12-15 in. diam.; 40-50 ft high ; wood hard and trluse-gmined. 
Bsuhtnia Hooked: 10-20 in. diam.; 30-40 ft. high ; wood is heavy, and of a dark 

raddUh hoe. 

Btmwrta spiuosa: 0-9 in. diem,; 20-30 ft. high ; timber is hard, of a dose texture, 
uid««lmiu of a good polish. 

Cwgilliji Australis : 18-24 in. diam.: 60-80 ft. high ; grain is close, very tough and 
foe, of little beauty, but likely to be useful for many purposes. 

Cspauia anneardioides : 18-24 in. diatn.: 30-50 ft. high ; the wood is not appreciated. 
Cupania nervosa; 12-20 in. diatn.; 30-45 ft. high ; wood is nicely grained. 
Ercmophiht Mitchell! (Sandalwood): 9-12 in. diam. ; 20-30 ft. high ; wood is very 
latil*beautifully grained, and very fragrant: will turn out handsome veneers for the 
®ton*trmaker. 

EryUmuu vespertilio (Cork-tree): 12-25 in. diaiu.; 30-40 ft. high: wood soft, and 
W by the aborigines for tusking war-shields. 

Exoftcari* Agalloeha (Poison Tree); 12-14 in. dirvm.; 40-50 ft. high ; wood is hard, 

finegrained. 

Exftmrpu* 1a ti folia (Broad-leaved Cherry) : 6-9 in. diam. : 10-10 ft, high ; wood very 
h*nl sjjd fragrant; excellent for cabinet-work. 

1'Uudersi* Sehottisna: stem 12-16 in. diam.; 60-70 ft, high: wood is soft, and 

ft l perishes when exposed. 

lUrptilija pendula (Tulipwood) t 14-24 in. diam.: 50-80 ft high : wood has a firm 
b* texture* and is curiously veined in colouring ; much esteemed for cabinet-work. 

Mt*La obovata ; 10-15 in. diam.; 30-50 ft. high; timber is hard, fine-grained, and 
**J to be useful for cabinet-work. 

Mtlia Azadirach (White Cedar): 24-30 in. diam.; 40-60 ft. high ; wood Is soft, and 

X>1 considered of any value. 

Owenia venoms (Sour Plum): 8-12 in. diam.; 20-30 ft. high; wood fa nl * 
fridtsfi colour, and ikr great etntugili readers it fit for wheelwright work* 

M % 
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Podooarpua elata: 24-36 in. diam.; 50-80 ft high; wood is hud, finegrained, 
flexible, and elastic. 

Saroooephalos cordatus (Leichhardt’s Tree): 24-86 in. diam.; 60-80 ft high; wood 
is soft but close-grained, of a light colour, and easily- worked. 

Bpondias pleiogyna (Sweet Plum): 20-45 in. diam.; 70-100 ft. high; the wood ii 
hud and heavy, dark-red, finely marked, and susceptible of a high polish. 

Stenocarpns rinnosus (Tulip Tree): 18-24 in. diam.; 40-60 ft high; wood is ray 
nicely marked, and would admit of a good polish. 

Strait* Settlement* Wood*, —The specimens experimented on measured 3 ft by 1} ft 
by H ft 


I * 

fd fl 


Kune of Wood. I I 


Billian Chingy .. 60 ^ 


Billian Wangy .. I 7‘2 I 1 5 J 


Darmo. 61 


Johorc Cedar .. 401 * 


Johore Rogewoo<l, 
or Kayu Merah. 


:)M i 


Johore Teak, or\ „„ . 

Ballow. f \ 16 * 


Jolotong .. .. 29 -} 



I 

m a Remarks. 


913 Hard, close-grained, fine-fibred, but ray 

much inferior to Billian Wangy;of 
a brownish grey colour; readily at¬ 
tacked by insects and diy rot; med 
for flooring joists. 

1038 Very hard, durable, heavy, close-grained, 
fibre long, is not liable to be attacked 
by worms or white ants; beams of 
50 ft long and 18 in. square can be 
obtained. Very suitable for roofing 
timber, girders, joists, and timber 
bridges. 

1300 Much used for beams of houses and door 
frames; durable, if kept either wet or 
dry, but rots soon if exposed to sun 
and rain; colour white, cloee-gwlnd, 
fracture long; has an agreeable smell 

616 Well adapted for house-building pur¬ 
poses, as in the manufacture of door* 
windows, and flooring planks. Frso- 
ture short timber open-grained, tad 
is not liable to be worm-eaten. 

952 Resembles rosewood in appearance, and 
used largely in cabinet-work tad 
household furniture. 

1210 Well adapted for permanent sleeps* 
beams, piles, ship-building, engineer¬ 
ing, and general purposes when 
strength and durability are required. 
Piles which have been in the ground 
for 100 years have been found in a 
good state of preservation. One of 
the few woods which will reallystand 
the climate of India. Colour doll 
grey. 

732 Well adapted for patterns and mould¬ 
ings, excellent for carving purposes; 
grain very dose, soaroely any xnota, 
colour whitish yellow, motor* shat 
but not very durable. 
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Sunt of W<*d. 

i. 

\\ 

< 

B 

J 

& 

Xg 

If 

n 

4> 

f 

1 

I- 

i £ 

Kiutgre 

77 

i 

m 

1339 

kruwi ,* 

m 

a 

a 

472 

G25| 

ft'iliuj, ftf Jfdioreli 

j 

73 

a 

T 

766 

1141 

JitfW, MurW.I 
wlUrraboo. J 

61 { 

A to 

1 

399 to 
573 

894 to \ 

987 f 


72 

A 

688 

1310 

^wiirm ,« «* 

42 

* 

326 

532 


47 

l 

438 

7374 

^Ucpemj .. 

(37 

A + 

802 

15994- 

T'nakxiifjrt 

fir 

A 

306 

MS 


Ifenurka. 


Very doae-gramed* well adapted 
for beams of every description. W hi to 
ants or other in hoc fa do not touch it. 
Well adapted for pika for bridge* in 
fresh or wilt water; also used for 
junks* masts ; stand a well when sawn, 
ranks with Tampems for durability* 
Fracture long, fibres tough, colour 
dark red. 

Close-grained, tough fibres, and re* 
sembling yellow pine. Used for 
native boats, planks, Ac, Contain a a 
kind of dammar-like oleo-resiu* 

Somewhat similar to Hallow. Hood for 
planking cargo boats; fracture short; 
makes superior beams and telegraph- 
posts, aa it Inst* well in the ground. 

Durable, principally used for furniture, 
readily worked, and takes polish well; 
also used for flooring beams, timber 
bridges, carriage bodies, and framing 
of vessels; trees 4 ft diam. are Botne- 
times obtained; not readily attacked 
by white ants, but is by worms. 
Colour almost like English oak. 

Bright red, very hard and durable, well 
adapted for roofing timbers, joists, and 
timber work of bridges; very cross- 
grained and difficult to work; can 
be obtained in any quantity to 9 in, 
square. Fracture short. 

Well adapted for doors, windows, mould¬ 
ing, and other house-building pur¬ 
poses; close and even grained, aull- 
red colour, short fracture* but liable 
to attacks of white ants* 

Of a dull-red colour, close-grained, and 
largely used in house-building, for 
boxes, boards, Ac* 

Very bard, close-grained, red-coloured, 
long-fibred, and tough. Well adapted 
for beams of every description; white 
ants and other insects do not touch it* 
Used largely for bridge piles in fresh 
or salt water; considered one of the 
moat lusting timbera ; warps if cut in 
planks. 

Capital for piles, or for any wood-work 
which is exposed to the action of fresh 
or salt water; not attacked by worms 
or white ants* Fracture abort. 
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Tasmanian wood/i.—Iron wood, Tasmanian (Notoloea ligustrina) * exceedingly bird, 
close-grained wood, used for mallets, sheaves of blocks, tuTuery, 4«.; dinm., 9-18 in.; 
height, 20-35 ft,; sp. grav., about -905. Not uncommon. 

Native Box (Bursaria spinosn) : diam., 8-12 in,; height, 15-25 ft; ap, gmv^ abt’irt 
*825. Used for turnery. 

Native Pear (llakea iLssospemia): diam., 8-12 In,; height 20-30 ft: sp, gmr, 
about -675. Fit for turnery. 

Pinkwood (Beyeria viscesa): diora., 6-10 in.; height, 15-25 ft,; ap. grav., about 
■815, Used for sheaves of blocks, and for turnery, 

Swamp Tea-tree (Melaleuca eric re Folia): diam., 9-20 iu.; height, 20*60 ft; «p. gni., 
about ‘824. Used for turnery chiefly. 

White-wood (Pitkapomm bipolar); diatn., 8-13 in.; height, 20-35 ft; ip. gw, 
about *875. Used in turnery; probably flt for wood-engraving. 

Wed Indian t mods* —Crabwood is mostly used for picture-frames and small on»* 
men ted cabinetwork, Ac, It seldom grows larger than 3-4 in, in diam,, and ii * 
rather hard, fine, cross-grained, moderately heavy wood. The heartwood is of a heart* 
fully veined Vandyke brown, its external edge bright black, and the alburnum of a para 
white. In Trinidad, the bolala is a timber extensively used for general purposedaod 
much esteemed. Its diameter is 2-6 ft. The mastic is also held in high estimation, ami 
varies from 2 to 4 ft. in diam. The gru-gru, which is a palm, yields beautiful venter, 
as also does the gri-gri, For some of these trees it will be observed there is no verm- 
cular name, consequently the choice lies between the native and the botanical mm 
Th* heart wood of the butterwood only is used. The beauty of the wood Is well knovn, 
but it never attains a large size. Ite recent layers are of a uniform yellowish-wink 1 
colour. The earn pa bears n considerable resemblance to cedar, and is extensively 
and much esteemed. It is 2-3 ft, in diam. The West Indian cedar of Trinidad bi 
most useful timber, and is well deserving the attention of consumers, as is also the copst, 
a beautiful and durable wood. The sepe is a light wood, resembling English elm, us* 
pregnated with a bitter principle, which preserves it from the attacks of insects. Tt i* 
tough, strong, and is used for general purposes. In diameter it ranges from 1 to £ ft* 
I/Augleme U a strong, hardy wood, exclusively used for the naves of wheels, Ac. Ousr 
hard is a valuable and abundant timber of 2-6 ft. iu diam., and may be other sue 
described under the name of West India locust. Yorke saran is a very hard and apefuJ 
wood, and also pearl heart, which has the advantage of being very abundant, and ram 
from 2 to 4 ft. in diam, Aquatapana is a very durable and curious wood, auaccptihlt 
of high polish, and 18-36 in. in diam. The green, grey, and black ptmi furnish the 
favourite timbers of the colony, and produce the hardest and most durable of wood. 
Their timber takes a flue polish, has a peculiar odour, and is very abundant. The tren 
are 3^4 ft, in diam., and proportionately lofty. 

Growth of wood, —This may be sufficiently explained in a few words. A civ* 
section of an exogenous (“ outward growiug *•) tree, which class includes all timbers used 
iu construction, show* it to he made up of several concentric rings, called u annual," 
from their being generally deposited at the rate of 1 a year ; at or near the centra is* 
column of pith, whence radiate thin lines called 11 medullary rays,* which, Iu snos 
woods, when suitably cut, afford a handsome figure termed w silver grain. ** As the tree 
increases in age, the inner layers are filled up and hardened, becoming what is celled 
duramen or u heartwood”; the remainder, called albunram or u sapwood/* fa softer and 
lighter in colour, and can generally be easily distinguished. The heartwood is stronger 
and more lasting than the sap wood, and should alone be uaod in good work. The 
annual rings arc generally thicker on the side of the tree that has Lewi most sun and sir, 
and the heart is therefore seldom iu the centra. 

Felling.—While the tree is growing* the heartwood is the strongest; but after thf 
growth has stopped* the heart is the first part to decay. It is important, therefore, that 
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the tffee should be foiled at the right age. This varies with different trees, and oven in 
the mme tree under different circumstances. Tbo induration of the sup wood should 
have reached its extreme limits before the tree is felled, but the period required for this 
<hmb on the soil and climate. Trees cut too soon are lull of Bnpwood, and the heart- 
wood is not fully hardened. The ages at which the undermentioned trees should bo 
IV11 rtl am os follows :—Oak, 60^200 years, 100 years the best; Adi, Lurch, Elm, 50-100 
y«Lnrs: Spruce, Scotch Fir, 70-100 years. Oak bark is sometimes stripped In the 
•pring, when loosened by the rising sap. The tree is felled ha winter, at which time 
thtf aap^rood i* burdened like the heart. This practice improves the timber, A healthy 
trr«? for felling is one with on abundance of young shoots, and whose topmost brunches 
L*ok strong, pointed, and vigorous. The best season for felling is midsummer or mid- 
winter in temperate, or the dry season in tropical climates, when the sap in at rest. 

$4pvt r»i ttg -“Diractly the tree is felled it should be squared, or cut into scantling, in 
«irdiT that air may have free access to the interior. 

These depend greatly upon the treatment of the tree, tho time of felling 
it, and the nature of the soil in which it has grown. Good timber should be from tbo 
L .Art of a sound tree, tho sapwood being entirely removed* the wood uniform in eub- 
•timce. straight in fibre, free from large or dead knots, flaws, shakes, or blemishes of any 
kind* If freshly cut, it should Bmell sweet; the surface should not be woolly, nor 
clog the teeth of the saw, but fine and bright, with a silky lustre when planed; a 
■iiwperable smell betokens decay, and a dull chalky appearance is a sign of bad timber. 
The annual rings should be regular in form; sudden swells are caused by rind-galls: 
eh *seoc*« and narrowness of the rings indicate slowness of growth, and are generally 
•igii* of strength, IVlien tho rings are porous and open, tho wood is weak, and often 
tl-eayod. The colour should bo uniform throughout; when blotchy, or varying much 
from the he&rt outwards, or becoming pale suddenly towards the limit of tho snpwood, 
tli#* wood is probably diseased. Among coloured timbers, darkness of colour is in 
freneral a sign of strength and durability. Good timber is sonorous when struck ; a dull, 
licory sound betokens decay within. Among specimens of the same timber, the heavier 
jit- generally the stranger* Timber for important work should bo free from defects. 
The knolg should not be large or numerous, and on no account loose. The worst posi¬ 
tion for Urge knots is near the centre of the balk required, more especially if forming a 
ring round the balk at one or more points. Though tho sap wood should be entirely 
Muitvol, the heart of trees Laving most sapwood Is generally strongest and boat. The 
rrm^nt part of the tree is usually that containing the last-formed rings of heart wood, 
so that the elrotigest scantlings are got by removing no more rings than those including 
the s*pw«tf»L Timber that is thoroughly dry weighs less than green ; it is also harder 
and mare difficult to work* 

The principal natural defects in Umber, caused by vicissitude* of climate, 
Ac, ore:— w Heartshakes **: splits or clef is in the centre of the tree; common in 
nearly every kind of timber; in some cases hardly visible, ia others extending almost 
«rjr*LA the tree, dividing it into segments; one cleft right across the tree does not occasion 
much vitte, as It divides the squared trunk into 2 substantial balks; 2 clefts 
wtsednf one another at right angles, as in Fig. 217, make it impossible to obtain scant¬ 
ling* larger than } the area of the tree ; the worst form of heartshake is when tbo splits 
twist in tho length of the tree, thus preventing its conversion into small scantlings or 
planks* ** 8 tare hakes ”; in which several eplits radiate from tho centre of the timber, 
*3 in Fig. 21S. “ Cupahakefi* 1 : curved splits separating the whole or part of one annual 

ring from another (Fig. 219); when they occupy only a smal l portion of a ring they do no 
great harm. ** Rind-galls": peculiar curved swellings, caused generally by the growth 
of tajvra over the wound remaining after a branch has been imfiurfhctTy lopped off. 
m portions of the timber in which the fibres bare been injured by cradling. 

“ Foxincws 9 t » yellow or rod tinge causal by incipient decay, “Boatmen"*, w 
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stain found in beech* American oak, find others. Twisted fibres are caused by tin* 
action of a prevalent wind* turning the tree constantly m one direction; timber thus 
injured is not fit for squaring* as many of the fibres would be cut through. 

The large trees of New Booth Wales* when at full maturity, are rarely nmA at 
heart, and even when they are so, the immediate heartwood is of no value, on account 
of its extreme brittleness. In sawing up logs Into scantlings or boards* the heart it 
always rejected. The direction in which the larger species split most freely is new 
from the bark to the heart (technically speaking* the 44 bursting way '’)* but in coottfc 


2 it. 2l% 31*, 



trie circles round the latter. Some few of the smaller species of forest trees are tsnp 
lions to this rule* such as the different species of Caaimrina* Eanktta, and olW* 
belonging to the natural older Froteoccm* They split moat freely Ilia “ bursting «*, j* 
m do the oaks* &c., of Europe and America. A very serious defect prevails amongst a 
portion of the trees of this class* to such an extent as to demand especial notice here, a 
is termed 41 gum-vein,'* and consists simply In tho extravasation* in greuter or l«a 
quantity, of tho gum-resin of tho tree, in particular spots* amongst the fibres of woody 
tissue* and probably where some injury has been sustained; or* which is a much gnutcf 
evil* in concentric circles between successive layers of the wood. The former is often mefdj 
a blemish, affecting the appearance rather than the utility of the timber; but the lutti’t* 
when occurring frequently in the same section of the trunk, renders it comparatiTtlj 
worthless* excepting for fuel. In the latter case, as the wood dries, the layers with gttto 
veins interposing separate from each other; and it is consequently impracticable to tak 
from trees so affected a sound piece of timber, excepting of very small dimensions, Tk 
whole of the species of ingc^tora, or apple-tree* and many of tho .Ewcufypfi* or gmBtt 
are subject to be thus affected; and it is the more to be regretted* because it appear* to 
be tho only reason why many of tho trees so blemished should not be classed ainmigil 
tho most useful of Ihe hard woods of the colony. 

In ■electing balks end deals, it should be remembered that most defects show better 
when the timber is wet. Balk timber is generally specified to be free from sap, 
large or dead knots and other defects, and to be die-fiqtz&re. The best American }#l 
pine and crown timber from the Baltic have no visible imperfections of any kind, fe 
the lower qualities is either a considerable amount of aap* or the knots ore numerous 
sometimes very large, or dead. The timber muy also be shaken at heart or upon It* 
surface* Tho wood may be waterlogged, softened, or discoloured by being floats 
Wanes also are likely to be found, which spoil the sharp angles of the timber* 
reduce its value for many purposes* The interior of the timber may be soft* apongt*^ 
decayed, the surface destroyed by worm holes* or bruised. The heart may be 11 wan¬ 
dering M —-that 5s* at one part on on© aid© of the balk, at another part on the other 
This interrupts the continuity of the fibre, and detracts from the strength of the balh 
Again, the heart may be twisted throughout tho length of the tree. In this eaw* ik 
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anneal rings which ran parallel to 2 sides of the balk at one end run diagonally across 
thr section at the other end* Tina is a gresit defect, as the wood is nearly sure to twist 
iti seasoning. Some defects appear to a certain degree in all except the very beet quality 
rtf timber. The more numerous or aggravated they are, the lower is the quality of the 
Deals, planks, and battens should he carefully examined for freedom (more or 
Jem according to their quality) from sap, largo or dead knots, and other defects* also to 
•ce that they have been carefully converted, of proper and even thickness, square at the 
magic*, Ac. As a rule, well-eon verted deals are from good timber, for it does not pay to 
I** much labour upon inferior material. The method in which deals hare been cut 
should bo noticed, those from the centre of a log, containing the pith, should be avoided, 
si they are likely to decay. 

ClaMiJUation *—Timber is generally divided into 2 classes, called “ pine " woods and 
** hard ** woods. The chief practical bearings of this classification are as followsPino 
wood (coniferous timber) in most cases contains turpentine; is distinguished by straight- 
xifcaa of fibre and regularity in the figure of the trees, qualities favourable to its use in 
carpentry, especially where long pieces are required to bear either a direct puli or a 
transverse load, or for purposes of planking; the lateral adhesion of the fibres is small, 
mo that it is much more easily shorn and split along the grain than hard wood, and is 
’therefore less fitted to resist thrust or shearing stress, or any kind of stress that does not 
mi :t along the fibres. In hard wood (non-coniferous timber) is no turpentine ; the degree 
of distinctness with which the structure is seen depends upon the difference of texture 
of several parts of the wood, such difference tending to produce unequal shrinking in 
«lr?ing; consequently those kinds of timber in which the medullary rays and the annual 
ring* are distinctly marked are more liable to warp than those in which the texture is 
xxrro uniform ; but the former kinds are, on the whole, more flexible, and in many cases 
very tough and strong, which qualities make them suitable for structures that have to 
k>c*r shock*. For many practical purposes timber may be divided into two olassoa: — 
C*) soft wood, including fire, pines, spruce, larch, and all cone-bearing trees; (b) hard 
Wro&L, including oak, beech, ash, elm, mahogany, &c. Carpenters generally give tho 
name * fir n to all red and yellow timber from the Baltic, ** pine n to similar timber from 
America, and “spruce * to all white wood from either place. 

Market Form **—The chief forms into which timber is converted for the market are 
•U follows;—A * log” is the trunk of a tree with the branches lopped off; a 14 balk** is 
*»Usrined by roughly squaring the log. Fir timber is imported in the subjoined forms : 
** 11 mid masts M are the longest, soundest, and straightest trees after being topped and 
tmrked; applied to those of a circumfcreuce between 24 and 72 in., measured by tho 
llaud of 4 inn, there being also a fixed proportion between the number of hands in tho 
length of the mast and those contained in the circumference taken at \ the length from 
tho butt end; 44 spare rt or M poles " have a circumference of less than 24 in. at tho base; 
* 4 inch masts *’ hove a circumference of more than 72 in., and nre generally dressed to a 
«qn*re or octagonal form; M balk timber rt consists of the trunk, hewn square, generally 
Xritb the axe (sometimes with the saw), and is also known as “square timber* 4 ; 
** planks” are parallel-sided pieces 2-6 in. thick, 11 in. broad, and 8-21 ft. long; 
**deals w are similar pieces 9 in, broad and not exceeding 4 in. thick ; “ whole deals 4 * is 
the name sometimes given to deala 2 in, or more thick; 41 cut deals ” are less than 2 in. 
thick; M battens " are similar to deals, but only 7 in. broad; “ends” are pieces of plank, 
altskl, or batten leas than 8 ft, long; “scaffold M and* 14 ladder poles 4 ' are from youug trees 
vjf larch or spruce* avenging 33 fL in length, and classed according to Ike diameter of 
their butts; “ rickcrs iT arc about 22 ft. Jong, and under 2} in. diameter at the top end; 
smaller sires are called “ spars. 1 ’ Oak is supplied as follows; " rough timber’ 4 consists 
the trunk and main branches roughly hewn to octagonal section; M sided timber, 4 ' 
the trank split down and roughly formed to a polygonal section ; * l thick stuff,** not less 
than 24 It and averaging at least 28 ft, long, 11-18 in, wide between the sap in the mi&AV* 
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of its length, and 4|-8J in. thick; 14 planks," length not len than 20 ft. and averaging 
at least 28 ft., thickness 2-4 in,, and width (clear of sap) at the middle of the 1-endi 
varying according to the thickness, i. e. between 0 and 15 in. for 3-, 3}-, and 4-fa. pLuib, 
between 8 and 15 in, for 2- and 2^-in. planks. 14 Waney *' timber is a term used For legs 
which are not perfectly square; the balk cut being too large for the size of the tree, lb* 
square comers are replaced by flattened or founded angles, often showing the bark. Am) 
allied u wanes,'' ** Compiles ” timber consists of bent pieces, the height of the belli 
from a straight line joining the ends being at least 5 in, in a length of 12 ft. 

The following is an approximate classification of timber according to size, as kwvt 
to workmen 

lialk ,, .. .. . t 12 in, x 12 in, to 18 in. x 18 icu 

Whole timber 11 „ t) „ 15 „ 15 „ 

Half timber •* 9 „ 4| „ IS fl 9 n 

Scantling .. .» M 0 „ 4 „ 12 n 12 „ 

Quartering .... .. 2 ,, 2 ,, 6 n 6 „ 

Flanks ..11 in. to IS In. x 3 in, to 6 „ 

Deals y in. x 2 „ Hh 

Battens tf in. to 7 in. x f „ 3 w 

Strips and laths .. 2 ,, 4J x J M 1|„ 

Pieces larger than * 4 planks " are generally called 4 * timber/' but, when sawn ill 
round, are culled “ scantling," and, when sawn to equal dimensions each way, “die- 
square/' Tim dimens ions (width and thickness) of parts in a framing are sottieiiiBBS ■: 
called the w scantlings ” of the pieces. The term 4t deal M Is also used to diatingtiiilLl 
wood in the state ready for the joiner, from 4i timber/* which is wood prepored for th* 
carpenter. A u stick " is a rough whole timber utisawn. 

Seasoning .—The object of seasoning timber is to expel or dry ap the sap remointaf { 
in it, which otherwise putrefies and causes decay. One effect is to reduce the weight 
Tredgold calls timber * seasoned " when it Las lost and considers it then fit far v 
carpenters’ work and common purposes; and “Jiy," fit for jofnextf work and framing j 
when it has lost The exact loss of weight depends, however, upon the nature of tbs 1 
timber and its fetute before seasoning. Timber should be well seasoned before being cut 
Into scantlings ; the scantlings should then be further seasoned, and, after conversion, |! 
left as long ns possible fo complete tho process of Beasoniog before being painted <f 
varnished, L/*gs season better and more quickly if a hole is bored through their cent!*; * 
this also prevents splitting. 

Natural seasoning is carried out by stacking the timber in snob n way that the sir 
can circulate freely round each piece, at the same time protecting it by a roof fromth* 
sun, rain, draughts, and high winds, and keeping It clear of the ground by bearers, Thi , 
great object is to ensure regular drying; irregular drying causes the timber to ipMi 
Timber should he stacked in a yard, paved if possible, or covered with ashes, and tm 
from vegetation. The bearers should be damp-proof, and keep tho timber at least 1218- 
off the ground; they should be laid perfectly level and out of winding, otherwise th* 
timber will get a permanent twist. The timber should be turned frequently, so uf t° 
ensure equal drying all round the balks. When a permanent shed is not available 
temporary roofs should he made over the timber stacks. Logs are stacked with the bulb 
outwards, the inner ends being slightly raised so tlmt the logs may be cosily got ail* 
packing pieces are inserted between the tiers of logs, so that by removing them any 
particular log may be withdrawn. That timber seasons better when stacked on cn4 
seems doubtful, nod the plan is practically difficult to carry out. Boards may be Uitl 
Hat and separated by pieces of dTy wood 3 in, or m in thickness and 3-4 in, wide; out 
that are inclined to warp should be weighted or fixed down to prevent them fro® 
*wteting; they nre, however, frequently stacked vett\ca\V^ ov bi\th angk 
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LMk ti recommends that they should be seasoned in a dry cool shed, fitted with horizontal 
a5 and vertical iron bars, to prevent the boards, which are placed on edge, from 
feting ever* The lime required for natural seasoning differs with the size of the pieces, 
natiuo of the timber, and its condition before seasoning. Luleft gives the follow- 
lag table of the approximate time required for seasoning timber under cover and 
jmtected from wind and weather:— 


Piccea 2i in, and upward square require about. 
M Under 24 in, to 20 n 

~ „ 20 * 16 

- w 16 * 12 

» k 12 (i 8 n •< 

M rt 8 t „ *1 


flak 

Months. 
, 26 
, 22 
. 18 
. H 
. 10 
, 6 


Fir. 

Months. 

13 

11 

0 

7 

5 

3 


PUnkx H the above time, according to thickness. If the timber fa kept longer than 
11* periods above named, the fine shakes which show upon the surface in seasoning open 
And wider, until they possibly render the toga unfit for conversion. The time 
rrqnired enttor ©over is only \ of that required in the open* 

Wjter jjffMoning consists in totally immersing the timber, chaining it down under 
soon as it is cut, for about a fortnight, by which a great part of Lhc sap is washed 
; it to then carefully dried, with free access of air, and turned daily. Timber thus 
to leas liable to warp and crack, but to rendered brittle and unfit for purposes 
strength and elasticity are required. Care must be taken that it to entirely sub- 
; partial immersion, such as to usual in timber ponds, injurea the log along lhc 
line. Timber that has been saturated should bo thoroughly dried before use; 
wten token from a pond, cut up and used wet, dry-rot soon **ete in. Suit water makes 
tic wood harder, heavier, and more durable, but should not be applied to timber for 
to ordinary buildings, because it gives a permanent tendency to attract moisture. 
Boding water quickens the operation of seasoning, and causes the timber to shrink 
lo*. but it is expensive to use, and reduces the strength and elasticity. The time 
varies with the size and density of the timber, and according to circumstances; 
rule is to allow 1 hour for every inch in thickness. 

Steaming has much the same effect as boiling; but the timber is said to dry sooner, 
*o4it to by some considered that steaming prevents dry-rot. No doubt boiliug and 
•kwLilttg partly remove the ferment spores* 

fbiteur seasoning, or desiccation, is effected by exposing the timber in an oven to a 
wontnl of hot air, which dries up the sap. This process takes only a few weeks, 
is^f* rifles, according to tho sire of the limber* When the wckkI to green, the heat 
Andd be applied gradually. Great care must b© taken to prevent splitting ; the heat 

C oot bo too high, and the ends should be clamped* Desiccation is useful only for 
•cantling: the expense of applying it to larger timber is very great; moreover, as 
word toon© of the worst conductors of heat, if this plan be applied to largo logs, the 
tot#riar fibre* still retain their original bulk, while those near the surface have a tendency 
to ihriiik, the consequence of which would lie cracks and splits of more or less depth. 
Bruited wood should not bo exposed to damp before use. During this process ordinary 
ken their strength, and coloured woods become pale find wanting in lustre. 
H’NVtte's process consists in exposing the wood to a moderate heat in a moist atrno- 
•pbre rhurged with various gases produced by the combustion of fuel. The wood is placed 
to * bride ehamlteT, in which to a large surface of water to produce vapour. The Umber to 
•tethrd in the usual way, with free airespoce round every piece; about Jof the whole con¬ 
tort of tb? chamber should be air-space. Under the chamber is a fireplace. The fire having 
btcu lighted, Um products of combustion (among which is carbonic acid g\v%) c\rety\aVe 
to * moist state around the pieces of timber to be seasoned- The time 
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varies wilh the nature of tho wood. Oak, ash, mahogany, and other hard wood pbub 
3 in. thick, take about 8 weeks; oak wainscot planks 2 in, thick take 5-6 weeks; dak 
3 in, thick, something less than a month; flooring-boards and panelling, about lOdvct 
or 4 fortnight. The greener the wood when first put into the store the better, .ill 
rule, if tob great heat be not applied, not a piece of sound wood is split, warped, or opened » 
any way* The wood is rendered harder, denser, and tougher, and dry-rot is entireljpiw 
vented. The wood will not absorb by subsequent exposure to tire atmosphere nearly# 
ranch moisture as does wood dried by exposure in the ordinary way. The process set» 
to have no injurious effects upon the appearance or strength of the timber. 

Gardner's process is said to season timber more rapidly than any other, to present 
it from decay and from the attacks of all kinds of worms and inflects, to etnogtbs 
I he timber, and render it uninflammable; and by it the timber may be permflaesffy 
coloured to a variety of shades. The process takes 4-14 days, according to the bulk 12 J 
density of the Umber. It conaiats in dissolving the flap (by chemicals in open uab> 
driving out the remaining moisture, leaving the fibre only. A further injects uf 
chemical substances adds to the durability, or will make the timber unsnflammilk 
The process has been satisfactorily tested in mine props, railway sleeper* lojn <f 
mahogany for cabinet-work, and in smaller scantlings of fir and pine. Experiiatx* 
showed that the sap was removed, the resistance of the timber to crushing augmexod 
40-90 per cent., and its density considerably increased. 

Rene, a pianoforte manufacturer, of Stettin, Germany, has devised a pltfi k 
which he utilises the property of ozonised oxygen, to artificially season timber rad 
fur sounding-boards of musical instruments. It m a well-known fact that wood, vtid 
1ms been seasoned far years, is much more suitable for the manufacture of mu^al] 
instruments than if used soon after it is thoroughly dried only. He tie claims that itirfn* 
incuts made of wood which lias been treated by his oxygen process possess & remaibWj 
fine tone, which not only does not decrease with age, but us far as experience teute id- 
proves with age as does the tone of some famous old violins by Italian xnsitax Smfiat 
boards made of wood prepares! in this manner have the quality of retaining the #flna4 
longer and more powerfully. While other methods of impregnating woods with chemical 
generally have a deteriorating influence on the fibre, timber prepared by this imtkd 
which is really an artificial ageing, becomes harder and stronger. The process is reguhdt 
carried on at Bend’s works, and the apparatus consists of a hermetically closed biQtf 
or tank, in which the wood to he treated is placed on iron grating*; in a retort, 
the side of the boiler and connected to it by a pipe with stop-valve, oxygen is derel^ 
and admitted into tbs boiler through the valve. Provision is made in the boiler P 
ozonize the oxygen by means of nu electric current, and the boiler U then gently 
mid kept hot for 4fi^50 hours, after which time the process is complete. 

Woods, of Cambridge, Mass., has introduced a method which is spoken of as kanuf 
no room for improvement. The wood is placed in a tight chamber heated by steam, aid 
having one cide made into a condenser by means of coils of pipes with cold water coo- 
tinually circulating through them. The surface of there pipes is thus kept so much bdof 
the temperature of the chamber that the moisture drawn from the wood is cqDdsiswi 
on them, and runs thenoe into a gutter for carrying it off. In the words of the rmt4 
States Report on the Vicuna Exhibition, 14 if tho temperature of those condensing 
can be kept at Bay 40° F,, and that of the atmosphere be raised to 90° F., it will not reqnin ( 
a long time to reach a degree of 20 per cent, of saturation, when the work of drying i* 
thoroughly completed.” 

Smoke-drying."—It is said that if timber be smoke dried over a bonfire of fui*. 
straw, or shavings, it will be rendered harder, more durable, and proof against attirb 
of worms; to prevent it from splitting, and to ensure the moisture drying out from 
interior, the heat should be applied gradually. 

Second seasoning.—Many woods require a second seasoning after they have be® 
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boards should! if possible, lie laid and merely tacked down for several 
they are cramped up and regularly nailed. Doors, Bashes, and other 
ry should be left as long m possible after being made, before they art) 
L finished. Very often a board that sterna thoroughly seasoned wilt 
irp again if merely a shaving is planed off the surface, 
preserve wood from decay it should be kept constantly dry and well 
ir of the influence of damp earth or damp walls, and free from contact 
dch hastene decomposition. Wood kept constantly submerged is often 
rendered brittle, but some timbers are very durable in this state. Wood 
Jy dry is very durable, but also becomes brittle in time, though not for 
of years* When timber is exposed to alternate moisture and dryness 
■®. The general causes of decay arc (1) presence of sap, (2) exposure 
t and dryness, or (3) to moisture accompanied by heat and want of 

mber is decomposition or putrefaction, generally occasioned by damp, 
eds by the emission of gases, chiefly carbonic acid and hydrogen; 2 kinds 
ignished— M dry ** and wcL*’ Their chief difference seems to be that 
where the gases evolved can escape; by it, the tissues of the wood, 
sappy portions, are decomposed. Dry-rot, on the contrary, occurs in 
where the gases cannot get away, but enter into new combinations, 
hich feed upon and destroy the timber. Wet-rot may take place while 
ling; dry-rot occurs only when the wood is dead, 

! generally caused by want of ventilation; confined air, without much 
rogea the growth of the fungus, which eats into the timber, renders it 
■educes the cohesion of the fibres that they are reduced to powder* It 
ences in the sap wood. Excess of moisture prevents the growth of the 
lemte warmth, combined with dump and want of air, accelerates it* In 
f rottenuem, the timber swells and changes colour, is often covered with 
dmess, and emits a musty smell* The principal parts of buildings in 
d are—warm cellars, under unventilated wooden floors, or in basements 
kticbens or rooms where there are constant fires. All kinds of stoves 
ease if moisture be present. The ends of timbers built into walls are 
ae affected by dry-rot, unless they are protected by iron shoes, lead, or 
b result is produced by fixing joinery and other woodwork to walls before 
Oilcloth, kamptulicon, and other impervious floorcloths, by preventing 
d retaining dampness, cause decay in the boards they cover 1 carpets do 
ertaiu extent. Painting or tarring cut or unseasoned timber has a like 

be roots of large trees near a bouse penetrate below the floors and cause 
laid that if two kinds of wood—os, for example, oak and fir—are placed 
nd to end, the harder will decay at the point of junction. There is this 
per about dry-rot, that the germs of the fungi producing it are carried 
II directions, in a building where it once displays itself, without necessity 
ct between the affected and the sound wood. 

jocurs in the growing tree, and in other positions where the timber may 
e*1 with rain. If the wood can be thoroughly dried by seasoning, and 
art her moisture can be prevented by painting or sheltering, wet-rot can 
The communication of the disease only takes place by actual contact, 
ot, tn the absence of any outward fungus, or other sign, the best way is 
e timber with a gimlet or auger, A log apparently sound, os fur as 
ranees go* may be full of dry-rot inside, which can be detected by the 
I he dust extracted by the gimlet* or more especially by its smell. If a 
:iinber be lightly struck with a key or scratched at one end, the sound 
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cau be distinctly heard by a person placing hto ear against the other end, even if ik 
balk be 50 ft. long ; but if the timber be decayed, the sound will be very faint, or si'/- 
getber prevented from passing along. Imported timber, especially fir, is often fooEiIls 
bo suffering from incipient dry-rot upon arrival This may have originated in the mwi 
of the ship itself, or from the timber having been improperly stacked, or shipped n • 
wet state, or subjected to stagnant, moist, warm atr during the voyage. Somitimt 
tho rot appears only In the form of reddish spots, which, upon being ecmtduai, 
show that the fibres have been reduced io powder. After a long voyage howera, 
the timber will often bo covered with white fibres of fungus. Canadian jellos p 
is very often found in this state. The beat w ay of checking the evil is to sweep Lb 
fungus off, and restock the timber in such a way that the sir can circulate freely .maJ 
each piece, 

Pnacrving ,—'The best means for preserving Umber from decay ere to tort A 
thoroughly seasoned and well ventilated. Painting preserves it if the wood is thamuftij 
seasoned before the paint is applied; otherwise, filling up the outer poms only cnjcifaw 
the moisture and causes roL Tho some may bo said of tarring, iScunetimcs befiw 
the paint is dry it to sprinkled with i-aud, which is said to make it more durable. For 
timber that is not exposed to the weather, the utility of paint is tome what deubtfuL 
Wood used io outdoor work should have those parts painted only where moiatar* « 
likely to find a lodgment, and all shakes, cracks, and joints should he filled up ffit 
white-lead ground in oil, or oil putty, previous to being painted over. The lower ok 
of posts put into the ground aro generally charred with a view of preventing diyid 
and the attacks of worms, Caro should be token that the timber is thoroughly «ea*i?4 
otherwise, by confining the moisture, it will induce decay and do more harm than pal 
Fuats should be put in upside down, with regard to the position in which they origieidh 
grow ; the sap valves open upwards from tho root, and when thus reversed they preratf 
the ascent of moisture in the wood. Britton recommends charring the embedded ptirtm 
of beams and joists, joists of stables, wash-houses, &c. t wainscoting of ground-fimai 
flooring beneath parquet work, joints of longues and rebates, nnd railway fikvpcft 
L&ppurent applied the method on a large scale by the use of a gaa jet passed all <»is 
tho surface of tho timber, but Laslett would only advise its use as » possible mcaoi^ 
preventing the generation of moisture or fungus where two unseasoned ptoo«of*ad 
are placed in juxtaposition. 

There are some preserving processes of a special character, not available for tpplu* 
tiou by the carpenter. These are described at length in the Second Series of * Wodokfl 
Receipts/ under the head of Preserving Wood, pp. 45G-4G8, A few simpler roetk* 
may be mentioned here. The following will be found a goad method of pre^rnflf 
wooden posts, say verandah floats, from decay, ami also from the white ant, which if tbl 
greatest enemy to carpentcre 1 work in Ceylon. Bore with a ll-ku auger from the k*i 
end of the post to a distance that will be 6 in, above tbo ground-line when the pr»d * 
net. Then char over u good fire for 15 minutes. This will drive all moisture emt of tto 
heart of the butt through the hole bored. Next fill with boiling hot coal-tor, and dim 
in a well-fitted plug, which will act as a ram, and force the tar into the pores of fLa 
wood ; tho latter thus becomes thoroughly ereosoted, and will last for many year*. A 
post 4 in. x 4 in. may have one holo in its centre; a post G in. x G in,, 2 boles dde&f 
side; a post 8 in. x 8 in., 3 holes; and one 12 in. x 12 in., 4 holea, Creosotmg limb* 
for sleepers and underground purposes answer* very well; also co»l*tar is a end 
means of preserving timber underground from the effects of tho whit© ant, as f&J 
will not touch it as long as there is a smell of tar from It. A method used bytbi 
natives to protect timber from white ants is—'To every gallon of water add 3 (* 
croton tiglium seeds, 3 oz. margrea bark, 3 oz. sulphur, 2 ox. blue vitriol; immense tk 
timber until it ceases to absorb the water, and afterwards take out, and dry in an to} 
vituution. 
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wing table shows the amount of creosote that will be taken up by seme of 
□diiiu woods;— 


Lb* of 
eremite per 
cub* ft. 

.* .. » 3? 

ri ■.2} 

« • ■ ..If 

B iver wood (Austral fa) 1J 


*IA of 
Crwact* per 
cub* ft. 


841 „ ...« .. 1 

Iron wood „ *• «. .. I 

Mahogany M .. f 

Jam an .J 


lough t that the forests of Southern In din would furnish numerous timbers 
sleepers; but these hopes have not been fulfilled, no timber used having 
capable of restating the combined effects of the heat and moisture of Southern 
nly on the woods of 3 trees is any great reliance now placed, vk. the Eruol 
irpn), Karra marda ( TtrminaUa glabra\ and Vengay {Pterocarpm Marm* 
ting an average of the various native woods used on the Madras railway, 
i of its sleepers has boon about 3| years* Creosoted sleepers of Baltic fir 
rund to last nearly 6J years. 

ting. —The accepted methods for rendering wood incombustible or reducing 
fcbility are described in the Second Scries of * Workshop Receipts,’ under 
Fireproofing Timber, pp. 298-9. 

m; Shrinkage ,—By tbo term 44 conversion " is understood the cutting up of 
tk timber to dimensions suitable for use, allowance being made for alterations 
to atmospheric influence, even on well-seasoned wood* While wood is in 
ate, a constant passage of sap keeps the whole interior moist and the fibres 
lore especially towards the outside. When the tree is felled and exposed 
16 internal mokture evaporates gradually, causing a shrinkage and collapse 
according to certain laws, being always greatest in a direction parallel w ith 
try rays* In straight-grained woods the changes of length canoed by 
effects arc slight, but those in width and depth nre great, especially in new 
1 inary alternations of weather produce expansion and contraction in width 
venig© dryness to the following extent:—fir: mean ouk: 

i«uu A practical allowance for shrinkage in 9-iu. duals is i in. fur 

e and \ in* for white* 

ject of shrinkage in limber has been well dealt with by Dr. Anderson, in a 
nre at the Society of Arts. His observations may be summarked as follows. 
ie taken as representing the section of a newly-felled tree, it will be seen 
d is solid throughout, and on comparing Fig. 221 with this the result of the 
ill be apparent* The action is exaggerated in the diagrams in order to 
ire conspicuous* Aa the motature evaporates, the bundles of woody fibres 
Iraw closer together; but this contraction cannot take place radially, without 
tearing the haul plates forming the medullary rays, which are unaffected 
le seasoning. These plates are generally sufficiently strong to resist the 
ion* and the contraction is therefore compelled to take placo in the opposite 
o, circumferentially; the strain finding relief by splitting the timber in 
allowing the medullary rays in each partially severed portion to approach 
i the same direction as the ribs of a lady's fun when closing* The illustra¬ 
ting fan affords the best example of the principle of shrinking during 
rory portion of the wood practically retaining its original distance from the 
he tree were sawn down the middle, the cut surfaces, although flat at first, 
io become rounded, as in Fig* 222; the outer portion shrinking more than 
,he heart on account of the greater mass of woody fibre it contains, and the 
at of moisture. If cut into quarters, each portion would present a similar 
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result, as shown in Fig. 223. Figs. 224-228 show the same principle applied to i 
timber of various forms, the peculiarities of which are perhaps indicated more clesri; 
Fig. 230. If we assume the tree to be cut into planks, as shown in Fig. 229, it will 
found, after allowing due time for seasoning, that the planks have altered their sh 
os in Fig. 230. Taking the centre plank first, it will be observed that the thkknei 


m 221. 



222 . 



the middle remains unaltered, at the edge it is reduced, and both sides are round 
while the width remains unchanged. The planks on each side of this are rounded 
the heart side, hollow on the other, retain their middle thickness, but are redo 
in width in proportion to their distanoe from the centre of the tree; or, in other woi 

223 . 224 . 225 . 




the more nearly the annual rings are parallel to the sides of the planks the greater' 
be the reduction in width. The most striking result of the shrinkage is shown 
Figs. 231-233. Fig. 231 shows a piece of quartering freshly cut from unseasoned tinb 
in Fig. 232 the part coloured black shows the portion lost by shrinkage, and Fig.! 


226 . 227 . 228 . 



shows the final result. These remarks apply more especially to oak, beech, sad 1 
stronger home firs. In the softer woods the medullary rays are more yielding, aadti 
slightly modifies the result; but the same principles must be borne in mind if we^ 
to avoid the evils of shrinking which may occur from negligence in this respect 
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The peculiar direction which 4t shakes * or natural fractures sometimes take is due to 
the unequal adhesion of the woody fibres, the weakest part yielding first. In a 11 cup-e-hake," 
which la the separation of a portion of 2 annual rings, the medullary rays ate deficient 
in cohesion. The fault sometimes occurs in DanUie fir, and has been attributed to tho 
action of lightning and of severe frosts* So far we have considered the shrinking only 
is regards the ernes section of various pieces* Turning now to the effect produced 
when we look at the timber in the other direction, Fig* 234 represents a piece of timber 
with the end cut off square; as this shrinks, the end remains square, the width nlono 
being affected* If, however, the end be bevelled as in Fig. 235, we shrill find that in 


m. 


1131 . 



shrinking it assumes a more acute angle, and this should he remembered in framing 
srofc, arranging the joints for struts, Ac., especially by the carpenters who have to do 
the actual work of fitting the parts* If the angle bo nn internal one or birdVmouth, it 
in the same way become mure acute in seasoning* The transverse shrinkage is 
fccre oonridefed to the exclusion of any alight longitudinal alteration which might 
orcur, and which would never bo sufficient to affect the angle of the bevel. When 
seasoned timber is nsed in positions subject to damp, the wood will swell in exactly the 



Averse direction to the shrinkage, and induce similar difficulties unless this point has 
mho received due attention. Of course it will be soon from a study of the cross 
Sections illustrated in the diagrams that the pieces might be selected in such a way that 
shrinkage and expansion would take place chiefly in the thickness instead of the 
nd thus leave the bevel unaltered* In this consists the chief art of selecting 
r framing ; but in many instances motives of economy unfortunately favour tho 



tase of pieces on stock, without reference to their suitability for the purpose required. 


It baa been proved that beams having the annual rings parallel with their depth aro 
>ngvr than those having them parallel with their breadth. Thus in the Vou steown Vn 
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Fig. 236, the beam eat from A will bo stronger than that from B. In preparing fine 
boards* car© should be taken that the heart does not appear on the surface of lim 
finished hoard, or It will soon become loose and kick up, as in Fig, 237, fanning § 
rough and unpleasant floor. When planks which have curved in shrinking are newted 
to form a fiat surface, they are sometimes »wn down the middle, and the pieces stt 
alternately reversed and glued together, as in Fig. 238, each piece tending to check fci# 
curvature of the others. 

lu converting fir limber in Sweden and Norway, each log is inspected before wring, 
to see how many of the most marketable sizes it will cut, and then it is market 
accordingly. The most general arrangement is that shown in Fig* 233, the thicker dtdi 



being for the English and the thinner for the French market Another plan, show to 
Fig* 240, has the disadvantage that the central deal embraces all the pith, and to 
rendered more liable to dry-rot 

In coo verting oak, the log is first cut into 4 quarters, each of which may thm to 
dealt with as shown in Fig. 241, The best method is represented at a : it giro * 
waste, as the triangular portions form feather-edged laths fur tiling, &c.: it sUo ito'** 
the silver grain of the wood to the beat advimtage, & is the next in order of a* 171 - 
c is inferior ; d is moat economical for thick stuff. 

Composition. —The composition of wood is shown in the following table :— 



Cuton> 

Hydrogen. 

Oxygen, 

KJirogca. 

Ast- 


per cent. 

per wat. 

per cent. 

per cent. 


Beech .* | 

49-36 

6-01 

42-60 

0 91 

14 * 1 

Oak. 

49-64 

f >*92 

41*16 

1*29 

ps a 

Birch . | 

50-20 

6*20 

41 ’62 

1-15 

0 81 

Poplar 

49*37 

6 ‘ 2 I 

41*60 

0*96 

pas 

Willow .. .. .. 

49-96 

5*96 

39*56 

11-96 

337 

Avomsfo .. 

49*70 

6-06 

41-30 

1-05 

!*#> 

Practically 

60 

6 

41 

1 

a 
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i its raw state, contain* a large amount of water, which hohlB more or less 
smls, and is called sap. By drying wood a groat part, but not all, of thin 

e *L If wood ia dried in a closed vessel, and then exposed to the atmo* 
absorbs moisture ; but the moisture thus absorbed is much less than the 
ally contained. The amount of water varies hi different kinds of wood, and 
p the season* Wood cut in April con tains 10-20 per cent, more water than 
The following table shows the percentage of water in woods, dried 
s in the air :— 


h .. ■■ 

1%‘G 

Pine, white +« 


ftP - -. 

26*0 

Chestnut ,i 


r and common maple 

27‘0 

Pine, red *, 

,, .. 39*7 


28 * 0 

Pine, whit© 



30-*> 

Linden „ 


fed. .. 

34*7 

Poplar, Italian 

,, *. 48*2 

white 

35*5 

Poplar, black .. 

,, .* 51*8 


it during December a Ad January is not only more solid* but will dry faster 
other period of the year, became tho sap by that time has incorporated a 
f soluble matter with the woody fibre; wbat remains ia merely water. When 
ring February* March* and April, rises* it portly dissolves the woody fibre, 
iug of the wood is not only retarded, but the wood is weakened in consequence 
p t thus held in solution, 

ify,—The properties which render a wood most suitable for one class of 
ny preclude its use in another class* It is therefore useful to have a 
i of the relative order of merit of woods according to the application for which 
stined, The subjoined catalogue is framed after the opinions of the best 

tj—ash, hickory, hazel, lancewood, chestnut (small), yew, smikcwood. 
ty and Toughness—oak, beech, dm, lignimi-vitm, walnut, hornbeam, 
win (for Carving or Engraving)—pear, pine, box, lime tree. 
ty(m I>ry Works)—cedar, oak, yellow pine, chestnut. 

* (Ship-building)—cedar, pine (deal), fir, larch, elm, oak, locust, teak, 
sti notion (aa piles, foundations, flumes, &c.)—elm, alder, beech, oak, white- 
nut, ash, spruce, sycamore. 

;ry and mill work (Frames)—ash, beech, birch, pine, elm* oak. 

AcL-*box» lignum-vtLffi, mahogany, 
f wheel*—<crab tree, hornbeam, locust, 
r patterns-—alder, pine, mahogany. 

re (Common)—beech, birch* cedar, cherry, pine, white wood, 
juituns— amboyon, black ebony, mahogany, cherry, maple, walnut, oak, 
itinwood, sandalwood, chestnut, cedar, tulip-wood, zebra-wood, ebony, 
ak* beech, elm. Posts—chestnut, acacia, larch. Great Strength in Con- 
ak, oak, greenheort, Dantzic fir, pitch pine. Durable in Wot Positions— 
elm, leak, older, plane, acacia, greenheart Large Timbers in Carpentry— 
lUic. and Riga fir; oak, chestruit. Bay mahogany, pitch pine, or teak, may be 
v obtainable. Floors—Christiania, St. Petersburg, Onega, Archangel, make 
efle and spruce inferior kinds ; Dram battens wear well; pitch pine, oak, or 
readily procurable, for floors to withstand great wear. Panelling—American 
the best; Christiania whit© deals are also used. Interior Joinery—Amerieon 
r pine; oak, pitch pine, and mahogany for superior or ornamental work. 
I#. Sleeper?—oak ; mahogany where cheaply procurable. Treads ot &\sim— 
Handle*—ash, beech. Patterns—American yellow pine* alder, 

% % 
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Strength, —The following table shows the results of many experiments:— 



Timber when wet has not half the strength of the same when dry. The resists** 
of wood to a crushing force exerted across the fibres is muoh less than in the direction flf 
their length. Memel fir is indented with a pressure of 1000 lb. per sq. in., and oak wtt 
1400 lb. The resistance to shearing is nearly twice as great across the fibres as xiA 
them. 

Measuring .—Following are useful rules for the measurement of timber:— 

Standing timber.—In measuring standing timber, the length is taken as high as thr 
Iron will measure 24 in. in circumference. At half this height the measurement 
the mean girth of the timber in the stem of the tree is taken. One-fourth this girth * 
assumed to be the side of the equivalent square area. The buyer has generally A* 
option of choosing any spot between the butt-end and the half height of the stem 
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place* All branches, ns far as they measure 24 in. in girth, are measured in 
e tree as timber* 

quarts! limber*—In order to ascertain the contents, multiply the square of the 
girth, or of J of the mean circumference, by the length. When the buyer is 
wed his choice of girth in taper trees, lie may take the mean dimension a, either 
ling it in the middle for the mean girth, or by girthing it at the two ends, and 
mlf of their sum* If not, girth the tree in so many places us is thought necessary, 
a sum of the several girths divided by their number, will give a mean circumfer- 
e fourth part of which being squared, and multiplied by the length, will give the 
n tents. 

superficial ft* in » board or plank nre known by multiplying the length by the 
,* If the board be tapering, add the breadth of the two ends together* and take 
itr sum for the mean breadth, and multiply the length by this mean breadth, 
solid contents of squared timber are found by measuring the mean breadth by 
a thickness, and the product again by the length. Or multiply the square of what 
L the quarter girth, in inches by the length in feet, and divide by 144, and you have 
tents in feet* 

ghs, the quarter girth of which is less than 6 in*, and parts of the trunk less than 
circumference, are not reckoned as timber. 

in every foot of quarter girth, or § of the girth, is allowed for bark, except of 
in. in the crrcumfercuoo of the tree, or whole girth, or ^ of the quarter girth is 
end fair average allowance* 

quarter girth w half the sum of the breadth and depth in the middle* 
nearest approach to truth in the measuring of timber is to multiply the square 
the girth, or circumference, by double the length, and the product will be the 

L 

superficial feet of plunking equals 1 square* 

dittii ,, I hundred* 

cub. ft* of squared timber n I load* 

ft of unhewn timber „ I loath 

superficial ft of I-in* planking „ 1 load* 

r pole is the trunk of a fir tree, 10-lfi ft. long* 

-*us, deals* and planks, as imported into this country, are each similar in their 
lengths, but differing in their widths and thicknesses, and hence their principal 
ion; thus, a batten is 7 in* by 2f in. 

a deal „ 9 „ 3 „ 
a plank „ II lt 3 „ 

ring what are termed the standard dimensions, by which they are bought and sold, 
rth of €»eh being taken at 12 ft.; therefore* in estimating for the proper value of 
sniity, nothing more is required than their lineal dimensions by weich to 
n the number of times 12 ft. there are in the given whole* Thus—if purchasing 


6 X 7 = 42 ft. 

H x 5 - 70 „ 

19 X 11 = 209 „ 

21 x = 

12)447(37*25 standard deals. 

m,—I n London, a different system of charging sawing of deals is adopted to that 
ifimnces, viz* cute are charged so much per dozen, the price varying with the 
ripping being called fist-cats in the same way. In the country method, all cute 


7 of G ft* 
5 „ 14 „ 
II „ 19 „ 
and 6 M 21 „ 
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in the deal or log are charged for at per 100 ft. super, and all ripe or flatonto md* 
6 in. are charged at per 100 ft. lineal; herewith are the usual prices for this work, m.-— 



Per loo ft 

Ripping per 



super. 

100 ft. ran. 



i. d. 

M. <L 

d. 

Oak. 

4 0 

1 6 

each 4 

Mahogany .. 

5 6 

1 6 

» 4 

Memo! . 

2 6 

1 0 

tt 2J 

Swede and Yellow Pine. 

2 3 

0 10 

to 2k 

Pitch Pine . 

3 9 

1 6 

„ 3 

Deals. 

1 9 

0 9 i 

» Of 

Planing Deals. 

1 6 


1 

Chipping do. .. 

1 0 


i 

Matching, Rebating, or Grooving for Hoop Iron, 3d. per 100 ft. super. | 


Tools.—Carpenters’ tools may conveniently be divided into 7 clauses, as follows 
(1) Guiding tools—rules, lines, squares; (2) Holding tools—pincers, vice; (3) Rasping 
tools—saws, files; (4) Edge tools—chisels, planes; (5) Boring tools—awls, gimlet* 
bits; (6) Striking tools—hammers, mallets; (7) Chopping tools—axes, adzes.* In m 
eighth category may be put such important accessories as the carpenter's bench, nsih 
screws, and various hints and recipes. 

Guiding tools. —These comprise the chalk line, rule, straight-edge, square, spirit 
level, A-level, plumb level, gauges, bevel, mitre-box, callipers and oompasses, trammel, 
and a few modern contrivances combining two or more of these tools in one. 

ChaUc line .—The chalk line is used as shown in Fig. 242 for the purpose of msririag 
where outs have to bo made in wood. It consists of several yards of cord wound on a 

242 . 

r 

wooden reel, and well rubbed with a piece of chalk (or charcoal when a white line lorii 
be invisible) just before use. In applying it, first mark with the carpenter's pencil tfca. 
exact spots between which the line is to run, then pass a bradawl through a l«f 
near tho end of the cord and fix it firmly in the wood at the first point marked, Mlt 
apply the chalk or charcoal to the cord, or as much of it as will suffioe for the length tf 
lino to l»e marked, this done, stretch the cord tightly to the second point marked, tfl 
either fasten it by looping it round a second bradawl, or hold it very tightly in 
finger and thumb of ono hand, whilst with the finger and thumb of the other yn 
raise it in tho middle as much as it will stretch; on suddenly releasing it, it sprfcf 
back smartly and leaves a well-defined line between tho two points. The novice 
find it helpful to mark both sides of his work, which is best done by removing 
cord without disturbing the bradawls. 

J Rule .—The foot rule consists of a thin narrow strip of metal, hard wood, or imfll 
generally 2 ft* long, graduated on both sides into inches and fractions of an inch (held*] 
4ths, 8ths, 12ths, lGths, 32ndths), and hingod so as to fold into a shorter competf fc.j 
convenience in carrying. Superior kinds are fitted with a sliding brass rule addfefi 
another foot to tho length, and graduated in minuto subdivisions which facilitate eskfr- 
lations of dimensions. In the form shown in Fig. 243, known as ■* Stanley's Ho. Se¬ 
this brass slide is furnished with an elbow at the end, so that it constitutes a comfabci' 

* Holtzapfiel & Co., 64, Charing Cross, London, are to be recommended for tab 4 
carpentry and other handicrafts. 
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*nd calliper (see p, 189), Ordinary prices are In to 5#., according to quality and 

Simight-edgt .—The nature of this tool ia expressed in its name. It consists of a 
kns£ (5 or 6 ft.) strip of weli-seasoned wood or of bright hardened steel (nickel-plated if 
prfMr^d), several inches wide, having at 

k«*i one edge perfectly level and true 343, 

throughout. Ita use ia for ascertaining 
whether a surface is uniformly even, 
which is readily done by simply laying 
the straight-edge on the surface, when 
hpkritks of the surface become 
apparent by spaces between the two 
pkitcs in contact Steel straight-edges 
ire made with one bevelled edge and 
with English or French wales graduated 
ou them. 

&jiuart*.—The use of these instruments 
ii far marking out work at right angles, 

Tbr most usual forms are illustrated below. Fig, 2 44 is a common brass-rununled square t 
Fii' 245 a mitre square. It consists generally of a wooden stock or back with a steel 
blade fitted into it at right angles, and secured by 3 screws or rivets; the sixes vary 
from 3 to 30 in*, and the prices from Is. to 10s. They are also made of plain or nickel- 
llii&i steel, with scales engraved on the edges. In use, the stock portion of the square 
is placed tight against the edge which forma the baae of the line to be marked, so 





that the blade indicates where the new line is to be drawn. The making and application 
<4 sq'iirtB have been well described by Lewis F. Lyue in the American MackinitL He 
f^nisrki that the 2 sides of a square should form an angle of fKP, or the J of a circle; 
M hundreds of tools resembling squares in appearance, and so named, when the test 
-» applied to them, are found entirely inaccurate : the angle is in some instances more, 
•ad in others less, than a right angle. The way these tools are general!/ made is by 
iddag a piece of steel for the stock, planing it np to the Tight size, and squaring up the 
rab, after which a slot is cut in one end to receive the blade. The blade is neatly 
ttied and held securely by 2 or 3 rivets passing through the end of the stock and 
blade, Ii is a very difficult undertaking, with ordinary appliances, to cut this slot pre- 
£»]y at right angles to the sides and ends of the stock: and, when the blade U finally 
■ceured, it will t*e found that it leans to one side or the other, as shown in Fig. *240, where 
a npresents the stock, and b the blade ; e is an end view, the dotted lines showing the 
position of blade, as described. 

The beat way to produce a square without special tools is to make a complete fist 
square of the size desired out of thin sheet steel, the thickness depending u\*itv the 
size of square desired. In almost every instance where squares are ttrnde by wmwlsym* 
at lool-cukin^ the blades are left too thick. After the square hm Leeu Xxne4 
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and finished upon the sides, 2 pieces of flat steel should be made exactly alike aa to 
size, to be riveted upon the sides of the short arm of the square to form the stock. 
To properly locate these pieces, the square should be placed upon a surface plate, and 
the parts clamped in position, care being taken to get them all to bear equally upon the 
surface plate, after which, holes may be drilled and countersunk, and the rivets inserted. 
The angle formed by the cutting edges of the drills for countersinking the holes should 
be about G0°, bo that when the rivets are driven, and the sides of the back finished, then 
will be no trace left of the rivets, which should always be of steel. 

Close examination may reveal the fact that the blado is winding, or is slightly 
inclined to one side. If inclined, as shown at e, in Fig. 246, the end of the blade only 
will touch a square piece of work when the tool is held in a proper position, as 
shown in Fig. 247, where % represents the piece of work, and / the square. It is s 
custom among machinists to tip the stock, as shown at k and Z, to enable the work¬ 
man to see light uuder the blade. This only aggravates any imperfection in the 
squareness of the blade, for wben the stock is tipped, as shown at &, it will touch 
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the work at g, occupying the position indicated by the dotted lines g,g; whereas, if tie 
st »ck l>e tipped, as shown at Z, the blade will assume the position indicated by the 
dotted lines h t h. These conditions will exist when the hlade of the square is in¬ 
clined, as shown at e, in Fig. 246. If the blade is inclined to the left, a precisely 
similar condition will exist, except in the reverse order. It is next to an impost 
bility to perform accurate work, or test the same with a square having a thick edg* 
because of the reason already stated that the light cannot be seen between the edgt 
of the blado and the work. 

The most ingenious tool for overcoming the foregoing difficulties is a sort of srfr 
proving square, made by a machinist in New York. This is shown in Fig. 248, and 
consists of a steel beam j 7 shown in bottom view at k. In the end of this beam » 
a hole for the reception of ft screw, with a common bevelled head. A square pcecs 
of stool, 1, m, forms the blade of this square, n representing the end of thv blade. 
Tim blade is first planed, then tapped and hardened, after which it is ground to 
bring tho sides exact., parallel and of equal size, which makes the bar perfectly 
square. The Btock is of a rectangular section, and, with this exception, is hsrdmd 
Mid ground in tho some mannei as the blade. The end Ihe screw is then ctitfety 
ground at right angles to the sides, after which the parts are nut together and the acief 
is tightened. If the blade is not precisely at rig angles to the stock, it will occupy• 
position indicated by the dotted line o ; then, if the screw be loosened and the btodl 
turned half a revolulion, the edge will stand as shown by the dotted line at p. 

q’lio end rauBt bo so ground that the blade will occupy precisely 4he same idstfas to 
the Imam when turned in all positions. When this is accomplished, the square is a 
close approximation to perfection. The accuracy of work is tested with one of ttt 
oornm; when it becomes worn, another may be turned into position; and when aH«8 
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m, the blade is removed and trued up by grinding, as at first In testing the aeeu- 
of the ordinary square, it is usually placed upon a fiat surface having a straight 
as shown in Fig, 249, where s represents the surface with the square upon 
Tb«t.‘ stuck is pressed firmly against the edge of the surface, and with a scriW 


24 *. 




line i* drawn along the edge of the blade. The square is then turned to the 
ation K indicated by the dotted lines, and a second line is drawn along the edge 
the bla<ie. If the tool ia less than a right angle, the Vine with the square in the 
mer position will incline towards q , while in the latter position it will appear as 
»wn at r; whereas, if the square he correct, the two lines will exactly coincide with 
v*h other. This ia not a reliable test for the accuracy of a square, but it answers very 
1 in cose of emergency. 

It is difficult to draw the lines to exactly represent the edge of the blade, owing to 
i*e fkct that the slightest inclination of the hand holding the actiber to either side 
make a crooked line. The form of square shown in Fig. 248 always presents a 
edge to work to, and may always be relied upon for accuracy when properly fitted 
This equate would seem to be quite as easily made us the common one, but the 
wnstroctwm of an accurate square with ordinary appliances is a job that tests the skill 
jS ii good workman. 

Spirit irwi.—The spirit level consists of a glass tube partially filled with spirit, 
ut-ed in a framework made of hard wood and protected by metallic facing on the most 
f*»rt*ut sides. The quantity of spirit placed in the glass tube is just insufficient to 
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0 it* so that a ■* bubble * of air perhaps i in. long alwnys appears at the surface, being 
ctdtfrd visible by means of a sight-hole in the met dive plate which encloses and 
teurrs the glues tube in the wooden block. The ends of the gla*s tube are hermetically 
*W when the proper quantity of spirit has been introduced. The wooden case or 
sefc csiwst be perfectly level and true, and of a material that will not change its form 
cLluiUc or oth^r influence#. Average sizes are 8-14 in. in length and cost lAQi* 
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Some are made with the sight-hole at the aide instead of the top. Others have both hip 
and aide openings. Such la shown in Fig. 250, which represents BtnnJeyfa improved 
adjustable combined spirit and plumb levels by which it is possible to adjust u surface to 
n position lx>th truly horizontal and truly perpendicular. The principle of action of tin* 
spirit level is that the air bubble contained in the glass tube will always travel toward* 
the highest point; when it rests immediately in the centre of the sight-hole, a tnat* { 
level is obtained. It is necessary to remember, however, tliut it is only a guide to ti>s j 
level of that length of surface on which it lies; and in levelling longer turfatta the I 
spirit level should be placed on a straight-edge instead of directly on the surface to l« I 
tested. 

•Fhtmfr This consists of a straight-edge to which is attached a cord having » 

weight suspended from the end, as shown in Fig. 251. The top end a of the straight* 
edge has 3 saw-cuts made in it, one being exactly in the centre. From this centre cat • 
line is drawn perfectly straight to the other end b. On this line at c a pear-shaped Wi 
is cut out of the straight-edge. A piece of supple cord is next weight©! by attaching* 
pear-shaped lump of lead, and then fastened to the top a of the straight-edge by passing 
it first through the central saw-out, and then through the others to make it fast, just * 
that the leaden weight is free to swing in and oat of the hole. The law of primly 
forces the cord to hang (when free) In n truly upright (perpendicular) position; os 



placing the side d of the straight-edge against a surface e, whose perpendicularity if 1® 
be tested* if there is any disagreement between the oord and the line marked on tbs 
straight-edge, then the surface is not upright, and it must be altered until the «vd 
exactly corresponds to and covers the line marked down the centre of the strait* 
edge. 

Ganger* —There are 3 kinds of gauge used in carpentry, known respectively M 2# 
‘‘marking,** the “ cutting/* and the “mortice ** gauge. They are outlined in the uiifXWin 
illustrations. Fig. 252 is a cutting gauge having the head faced with brass; Fig 253 b 
an improved form of cutting gauge; Fig. 254 is a thumb or turn-screw screw-slidemoftce 
gauge; Fig, 255 is an improved mortice gauge with improved stem. The marking gang? 
has a shank about 9 in, long with a head or block to slide along it; a spike fa insartdl 
near the end of the shank* and the movable bead fa fixed at any required distance from 
the spike by a screw or wedge; its use fa to inafcfe a mark uw the wood paralkl to i 
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previously straightened edge, along which edge the gauge is guided; for dreadng up 
tt-uTml piece? of wood to exactly the same breadth thin gauge Is eminently useful. The 
catting gouge is similarly composed of n shank and u head, but the spike is replaced by 
a thin steel plate, parting through the shank and secured by a screw, and sharpened on 
i»e edge »j ms to be capable of making a cut either with or across the grain : its main 
implications are for gauging dovetailed work and cutting veneers to breadth. The 


354 . 



355 . 



mortice gauge resembles the others in having a shank (about 6 in. long) and a movable 
I'lutshcHl head, but it has 2 spikes, one fixed and the other arranged to [ye adjusted by 
of n screw at varying distances hum the Unit; it U used for gauging mortice and 
turn work. Gauges are generally made of beech, and the shank is often termed the 
*4trig w ; compound gauges are now made, consisting of marking and cutting, or 
awkiiig and mortice appliances combined in one tool. Prices vary from 3d. to 10s., 
moling to finish. In using the gauge, the marking point is first adjusted to the 
onnwst distance, then scoured by turning the screw, ami the mark is made when required 
fcj bolding the head of the gauge firmly against the edge which forms the bass a of the 
>ra lines, with the marker resting on the surface to bo marked, ami passing the 
ktflmtUf nt to and fro. 

Brad*.— 1 Those differ from squares, in that they are destined for marking lines at 
Bibles to the first side of the work, but not at right angles. Examples arc shown in the 
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UtfJMwl illustrations. Fig, 25G 
h tfc ordinary angle bevel; 

Fig. 257 Is an improved me- 
hllic frame sliding bevel; and 
258 is a boat-builder's bevel 
VItb 2 hiius blade*. The bevel 
h u*d in precisely the same 
fflwasr m the try square* A 

my u-#*ful bevel protractor, with a sliding arm and half circle divided into degrees, is 

mid by Churchills. 

Mitn-haz.^ The mitre-box is an arrangement for guiding a saw-cut at an angle of 45° 
exactly* or half the dimensions of a right angle. It is mostly required for cutting 
moulding* where the #nd of one piece of wood meeting the end of another has to form 
with it a true comer of 90 s (it right angle). Th© be*t illustration of a mitre k to 
in either of the 4 corners of a picture frame. In its simplest form the 
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may be made out of any piece of good sound ptaak 1£ ft, long ami say 6 in. by 3 in k 
rebate is cut lengthwise in this, Lc. half its width and half its thickness in cut away 
leafing the slab in the form of 2 steps, thus constituting a rest for any work to ho 
operated upon. Next 2 saw •cute, one facing each way, are carried down through tfc 
top step and about J in. into the lower step, these saw-cuts being exactly at an *ngk 
of 45° with the front edge of the “bos,' 1 

When a mitre has to be cat, the wood to be ass. 

operated on is laid on the lower step and 
held firmly into the angle, while a saw is 
passed down in the old cuts in the box and so 
through the wood to be mitred. 

For cutting other angles than 45°, other 
saw-cuts might be made in the game box; 
but the most convenient instrument for cutting 
tv wide series of angles is the Langdon 
mitre-box, raid by Churchills, and illustrated 
in Fig. 253. Whilst ordinary mitre-boxes 
range only from right angles (90°) to 45° t this 
cuts from right angles to 73° on 2j-in. wood, 
nnd is the only form adjustable for mitreing 
circular work in patterns and segments of 
various kinds. Prices range between 24a. and 
70s, without the saw, according to depth and 
width or cut 

The ordinary mitre-box may also be made 
in the form of a wide shallow trough, the 
saw-cuts at an angle of 45° being carried down through the sides to the floor, while tka 
sides and floor combined form the rest for the work in hand. 

All the forms of mitre-box described above are intended for use with a mw t flic 
edges of the mitre being left rough from the saw in order to take glue better. 
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Another form, admitting of the rawed work being planed up, ia called a ** shooting 
board,” and is shown in Fig. 260. It consists of 2 Blahs, a 6, of good sound mahogauf, 
about 30 in. long, 18 in, wide, and 1 in. thick, screwed together so as to form a step c; os 
the topmost are screwed 2 strips d of hard wood l§-2 in. wide, at right angle*. Tte 
piece of moulding e to be mitred ia laid against one guide her, and sawn off on ihs 
line e, or laid on the other side against the second guide bar, and similarly cut off. It 
will be necessary to use both aides in this way, because, although the piece cut off hai 
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ftl*> «a ifigle of 43*, it would need to be turned over and applied to the other, which 
to old sot be done without reversing the moulding. In a plain unmoulded (strife this 
would rwt eignifjv The atrip lying dose to the ttep or rebate of the board, cun lw 
trimmed l<j the plane by laying it on its side, but care must be taken not to plane the 
edge of the step itself. The plane must be set very fine, and mult cut keenly. To saw off 
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* At right angles, and not with a mitre, lay it against the bar, and saw it off in a liue 

*itfa theater, when it cannot fail to be ont correctly, dd forming 2 sides of a aqnore, 
A h»ady mitmng tool sold by MelhuUh is ah own in Fig* 261, It cuts a dean 


ttiti* ti ono thrust of the handle, IU price is 12b. to cut 2-in. mouldings, and 22b. Gd. 

fH ta 

<}m prM-j and CaU*t*r *.—These implements are used for taking inside and outride 
dtattccMU where a rule cannot be employed, and for striking out circular 
Ordtiurj forms me fchown jo the annexed diagrams. Fig. 262 is a pau ot ordinal ^\fthxv 
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compasses; Fig. 263, wing compasses; Fig. 264, spring callipers; Fig. 265, insit 
outside callipers; Fig. 266, improved inside and outside callipers. The method of 



these instruments is sufficiently obvious from their shape. Ordinary useful sizei 
in price from 1 to 5#. Churchills have several new forms. 

Trammel. —This is employed for drawing elliptio or oval curves, and, is reprei 
in Fig. 267. It can be purchased with varying degrees of finish, or may be home 
in the following manner:—Two strips of dry hard wood a, 18 in. long, 1) in. wid 
f in. thick, are ploughed down the 
centre to a depth of f in. and a width 
of } in.; one is let into the other at 
right angles so that the bottoms of the 
grooves or channels are exactly flush, 
and the structure is strengthened by 
having a piece of thin sheet brass cut 
to the shape and screwed down to its 
upper surface. Next 2 hard-wood 
blocks \\ in. long are cut to slide 
easily but firmly in these grooves, 
their surfaces coming barely flush with 
the face of the instrument. A hole is 
drilled nearly through the centre of 
each block and about To in diam., to 
admit the pins b; and thin strips of 
brass are then screwed on to the 
surface of the instrument in such a 
manner as to secure the blocks from 
coming out of the grooves while not interfering with the free passage of the pin 
blocks along the grooves. To this is added the beam oompass c, which oonaisfe 
straight mahogany ruler with a narrow slit down the middle permitting it to be adj 
on the pins. These last may be of brass or steel wire with a shoulder and nut, as 
they are fixed at the required points on the ruler c, and then inserted in the hd 
the blocks, where they are free to revolve. A hollow brass socket e fitted with a ] 
is also made to screw on to the beam, and forms the delineator. 

Shooting-board .—This implement, Fig. 268, is for the purpose of securing a true si 
and straight edge on wood when planing. It is generally made by fastening one 
on another iu such a way as to form a step between them; shooting-boards m» 
gluing 2 pieces of board together, are very apt to twist and cast through the act 
the air, and once out of square, are very hard to set right, generally requiring to be j 
apart, and made again. The following plan renders this unnecessary:—Take 2 t 
(of the length yon require the board, allowing at least 1 ft. extra for the plane to 
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i, to plane up Ml. stuff, make the board at least 6 ft.) of thoroughly dry pine, 1 in, 
k and 11 in, wide, and plane them perfectly true; cut 4 in. off one the whole length 
be board; thoe 2 pieces are for the bottom board, and across these glue about 







pirns of f-in. pin© 11 in. wide by 10 in, in length and one piece 5 in. in width by 
* m. in length to build up or strengthen the upper board where the groove will conic, 
aring a gap 4 in. wide between the 2 bottom boards, thus making it 15 in. wide ; now 
lue on the upper board, allowing it to lap 1 in. over the ernea-pieees (as in cross 
ectrao^nnd screw together with 2 1-in. screws from the bottom. This will allow the 
to be planed if it should cast, as the screws do not come through, and the edge 
raided and Upping over tlie cross-pieces, allows th© edge to be squared, without 
parting the boards, while the air having free play all round the Hoards they are not so 
hiiely to ca&t, and* in shooting an edge, the shavings and dust work a wav under the 
^Wi^en as not to throw the plane out of square. The blocks are generally screwed 
^ the board, but it is better to cut » groove acmes, wedge-shape, 0 in. from the 
six! cot wedges of various thickncases for planing wood of any substance, so that 
& Pkot* i Ba j ytiu over the block, as in section. The measurements are u-&, 4 in,; 

5-c, 4 in,; c-d> 7 in.; d~e, 6 it.; /-j % 1ft in.; g-}^ 5 in.; 4 in.; 

and in the section of the hoards, a-t> t 11 in,; rvd, 15 in. 

Bell centre punch ,—This handy little device enables any mechanic 
instantaneously to centre any round, square, oval, triangular, 
heittgonal* or octagonal article for the purpose of drilling or turning. 
In use the punch is held upright (as shown in Fig, 2Gft) over tha 
article to be centred, and the punch centre tapped, when the 
true centre of any geometrically-shaped article will lie found. It 
will centre any size from J to 1 in. diam., and coats from 3f, 
upwards. 



fVfiiMaah'mw.—Conihination tools are essentially American novelties, and those 
here may all be obtained of Churchills, Finsbury. 

(ksmti’t camper-s^asre is shown in Fig . 270; the jaws ate hardened, and, Wry* 
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made independent and accurately ground, can be new ed for an inside camper 4 
larger scope, or used for depth gauge, &e. The beam is graduated to 64ths in. a 
one, and lOOths on the other. The 4-in. else costs 18*. with adjusting screw, or lk 
without 

The steel calliper-rule is shown in Fig. 271; when closed it is 3 in. long, sad to 
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calliper can be drawn out to measure 2) in. They are accurately graded, and dnnto; 
coat St. 6d. 

Bt&rrett's combined try-square, level, plumb, rule, and mitre, is shown in Fig. 272; 
the various parts are: o, centre head forming centre square both inside and oatak, 
one scale fitting both heads; h, square; c, mitre; d, rule; e, plumb level. As a toy 
square, it is a substitute for every siie of the common kind, and more compact; at i 
centre square, it gives both inside and outside grades; as a mitre, it affords both long 
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and short tongues; and it can be used as a marking gauge, mortice gauge, or f-sqnua 
Tho 4-in. size without centre head or level costs 4s. 6d., and the complete tool may to 
had for lit. for the 6-in. size to 15s. 9d. for the 12-in. 

Ames's universal or centre square is shown in Fig. 273. For finding the centred* 
circle, as in A, tho instrument is placed with its arms b a e resting against the ebon* 
feronce, in which position one edge of the vertical role a d will cross the centre. If * 
lino be drawn here, and the instrument be similarly applied to another section of to 
circumference, and another line be drawn crossing the firat. the point of crossing wiUbs 
the oentre of the circle. B illustrates its use as a try-square at a, and as an onhflk 
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*q no?** at L In C it ib applies 1 as a mitre, in D as » role and T-square, in E aa un 
► wUiiie square, and in Fw ft T-square for machinists, Tim prices range from 8a. &/, 
for tiie 4-in. size to 27j. for the 12-in. 

HoLPJ3fG*TxKnjiL—These are chiefly repre- 
by pincers vines, and clamps. 

J*iifceer*.^-This well-known tool is shown 
tn Fig, 27 L It is made in various sizes and 
qeslitie^ the moat generally useful tieing the 
5-im and 8-in* sizes, costing about 3 d. per in. 

V i>r»—The old-fashioned form of hand- 
tyfee is shown in Fig, 275; in size and price 
it ranges from 3-in. and 2s, to 6-in. and ha. 

An ini proved patent hand-vice, as sold by 
Jftlbubh, Fetter Lane, is represented in 
Fig. 276: ©oat4s, (Jd, The improved Amen- 
can band*vice, m sold by Churchills (Fig, 

277 X » «f metal throughout, the jnws being 
nf forged Hid, and the handle of case- 
WtLiied malleable iron ; price 6#, Cd. The 
*2 bst funiia have a bole through the handle, 
tml screw for bolding wire. An ordinary 
wrought-iron pamlltl vice is shown in 
Ftr, 278, 

Great Improvements have been made of 
Lie years m vices, more especially in the* 

Ticnn forma ft>ld by Church ills. Tho 
shown in Fig. 270 bus a 3-in. jaw, with 
awivd We: and beck horn and swivel-jaw 
ihtncnt* allowing it to take hold in any 



»>!itm that may t»e found convenient; its price is 20s, Fig. 280 illustrates Parker's 
•aw-filer's vice, made with a ball-andeket joint, by which the jaws may be turned to 
ar>y position; price 7*. for 9-in. jaws, Hall's patent sodden-grip vice is shown in 
Fig. 281 Xu open the jaws, lift the handle to a horizontal position, or as high as it 



Will go* and draw it towards yoa. In this way the sliding jaw ran be moved to any 
fcfeiiktR, and the vice swivelled if dwmd* In order to grasp the woik, \u 

>* till it preexv against the work, then deprea the handle, which. caw*» \Yw> 

o 
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jaws to securely grasp the work and at I he same time lock the swivel, tf the land!' 
should not go low enough for convenience, U can he made to go lower by tkpveabf i 
just before it touches the work to be held* If the vice swivels too easily, dxi?« bj tk 
key W in the bottom plate: but if 

it does not turn easily enough, J7T 

drive out the key a little. If the -- ■ 

handle fails to remain in a hori- ^__ A 

zontal position, the screw S can be jjfl I \ If F^A 

tightened to hold it. Cam should l j(J li r L^ J 

be taken that the screw N is down, ^ 

so as to keep theraok H from lifting 


till 
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1th and frames of all slaes; and holds both pieces, whether twtshd or straight, 
that perfect joints are made without re-adjusting ; price, 22i t 6d, 
pus* parallel rice, as sold by Churchills, is shown in Fig. 284. The working 
si at simply of a toggle G and toothed hut T, held together by a spring S, and 



y a cam C, and hnofc M, on the handle H. Pressing the handle hard back, 
M is brought to bear under the tooth m t on the left joint of the toggle, thus 
og the racks by raising the tooth bar t away from the rack T, The movable 


m 




n now be slid in nnd out, to its e*- 
with perfect ease, and an article 
ire Vi© held at any point between 
tits, simply by placing it between 
af the vice, then pressing the movable 
pfribt it nod pulling the handle out. 
rst start of the handle outward, the 
slips from under the tooth m, and 
g S draws down and firmly holds the 
I again At the rack T; as the handle 
I fnrth*T outward, the cam G is 
to bear against the ridge n t thus straightening the toggle and Vhn 

jaw B against the article to be held. The parts nr© inteTcbang©a\>\e* *tYve 
J ml! jmrtr where pressure comm are mode of steel. There is no ww bo ftua 
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racks, for they merely engage without robbing. Great solidity and strength ass added 
to the movable jaw by a projection from the stock strengthened by two upright Amiga 
Occasionally put a drop of oil on the cam C and tooth M. 



Fig. 285 represents Stephens* adjusting taper attachment, for holding all kinds of 
taper or irregular work ; and Fig. 286 illustrates the pipe attachment for holding gat- 
pipes or round rods. The width of jaw varies from 2 to 6$ in.; opening, 2J-11 in.; 





C "—"4 



price 14-150#. with plain base, or 18-176#. with swivel base; taper attachment costs 
6-82#., and pipe attachment, 12#. 6d.-36#. 

Vices also form an essential part of the carpenter’s bench, and will be further notified 
under that section (p. 261). 

Clamps .—'The ordinary carpenter’s clamp (or cramp), shown in Fig. 287, is employed 
for tightening up the Joints of boards, whether iox \he ^ wailing or to alkW 
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mo tor glue to harden. It is composed of a long iron bar a provided with holes h at 
tervals for receiving iron Ldta which hold the sliding bracket c: the length of slide 
the second bracket d w limited by the screw r which actuates it. The length of 
eni ug rirb from 3 to G ft, cost 25-39*. 






Hammer's adjustable damp, Fig.289, is a strong tool made of malleable iron; prices 
inge from 22*. a doz. for the 3-in. size, to 55*. for the 8-in, 

For simple rough work a suitable clamp can be made by driving wedges in to tighten 
p the work kid between stops on a plank. 

A very useful corner clamp for securely gripping 2 sides of a picture frame during 
ailing or gluing together, is shown in Fig. 2&G. The two pieces being accurately 


291 



ritred are placed in close contact and bo held while the clamp is being tightened. 
Tieee damps are sold by MellmmU at 1*. M. a pair for taking Ifdn. mouldings, up to 

* fnri-hL 

Fig* 291 show* a clamp designed for holding a circular-saw while'being wVraa 
>*-*, one of which is seep at b; they are of metal lined with wood, md nifc wt 
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unclosed by turning the handle e. The temporary mandrel of the saw may be phsei^ 
in either of the holes ot the damp standards at d, so as to bring the saw to the i 
height in the jaws. 

Bench clamps and holdfasts will be described under another section (p. 259). 

Rasping Tools. —These comprise the various forms of saw as well as files ni] 
rasps. 

Saws. —The saw is a tool for cutting and dividing subetanoes, chiefly wood, nil 
consisting of a thin plate or blade of steel with a series of sharp teeth on one edgM 
which remove successive portions of the material by cutting or tearing. Some npe»l 
eentative examples of handsaws are illustrated below: Fig. 292 is a panel and f 




saw; Fig. 293, a grafter saw, Fig. 294, a tenon saw ; Fig. 295, a dovetail saw; Fig. 2NL| 
an iron bow saw; Fig. 297, a frame turning saw. 

Principles.—The saw is essentially a tool for use across or at right angles to the fibtce£| 
the wood, although custom and 

convenience have arranged it 294. 

for use along the fibres, still not ^ j 

when those fibres are straight 
and parallel. If in the growth 
of timber there was not any 
discontinuity in the straight 
lines of the fibres, then all lon¬ 
gitudinal separation would be 
accomplished by axes or chisels. 

It is because this rectilineal 
continuity is interrupted by 
branches and other incidents of 
growth that the saw is used 
for ripping purposes. Were not 
some tool substituted for the 
wedge-like action of the axe, 

timber could not as a general rule be obtained from the log with flat surfaces. Hence 
the ripping saw, a tool which is intermediate between an axe and a saw proper. To 
study the saw as a tool fulfilling its own proper and undisturbed duties, it must be 



296. 



regarded in the character of a cross-cut saw. In this character it is called upon to meet 
the two opposing elements—cohesion and elasticity of fibre. 

To de*l with the treatment of fibrous wood at right angles to the length of the 
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clearly an operation in which considerations must enter, differing in many 
q those I.hi±t. decide action in direction of the "rain* The object now is, as 
ivlde with the least expenditure of power a string which connects two ends 
( ©d bow, [fa blow be given in the middle of a bow-string, the elasticity 
(ho bow to the string renders the blow inoperative. The amount of this 
eery apparent when one notes the distance it can project an arrow. Indeed, 

*o has struck a tensioned cord or & spring is well aware that the recoil 
the instrument, and by so much abstracts from the intensity of the blow. 

« the string in this experiment even the pressure of a knife blade is in- 
or* heavy pressure, as manifested by the bending of the string, is borne 
ration hikes place. It 

en for grunted that in 337 , 

ig the string, the power 
ns been employed in two 
in bending the string; 
separating it. If the 
ipported and prevented 
g, and the tame cutting 
died, end the power be 
y weights or a spring 
fill be seen how much 
er was expended in the 
of bending the string, 
ire quite lost in the 
>f it, 

sitting instrument were 
row edge, or almost a sharpened point, and drawn forward. each fibre would 
cut, A repetition of this action iu the same line would still further dee j sen 
at a cutting edge requires support from a back, i.e. from the thioknessing 
d, otherwise it would yield. Further, a cutting edge held at right angles 
ice of the fibres mny not be the moat effective position. Let any one draw 
a knife across the grain of a smooth pine plank, holding the blade first at 
s to the surface, and, secondly, inclining forward, ho will observe that by 
jralinn the fibres are roughly scratched; by the second they are smoothly 

oven whom the edge has deepen* d, this back support or metal strengthen* 
How, It cannot do so upon this knife contrivance, because the sharp edge 
[i*r*d a broad way for the thick back, which being of a wedge-like character 
sted upon by impact and not by such tension or thrust as in this case is only 
Therefore simple cutting is insufficient for the purpose of separating the 
it has been suggestive. 

omethlug must enter the cut thicker than the edge, then it is clear that the 
b insufficient for the required purpose, and an edge, as n cutting edgo alone, 
t&ed for the separation of the fibres crosB-wiec. Longitudinally it may be, 

, but in reality wliat appears to bo thus used is a wedge, and not a cutting 
a true cut the draw principle must enter. The axe and chisel do not work 
salting m edge," but upon the driven u wedge M principle. They are driven 
and not drawn by tension or thrust by pressure. 

uidermtion now suggested is not simply how to cross-cut the fibres, but, 
w to permit the material mi which the edge ic formed to follow without 
n inadmisrihle wedge action. It may he done as in a class of saws called 
rix making the “edge" the thickest part of the metal of tW Tlva 

Tjnrov tke true principle of the mw, nod introduce* \\ V\ 
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passing, bo well to remark that in marble cutting, where the -apparent saw is only I 
blade of metal without teeth, this want of metal teeth is supplied by sharp sand, cut 
grain of which becomes in turn a tooth, all acting in the manner of a file, and not»«? 
proper. A former method of cutting diamonds was similar to this. Two thin ini 
wires were twisted, and formed the string of a bow. These were need as s saw, the' 
movable teeth being formed of diamond dust. A similar remark applies to a buteWk 
saw ; its metal teeth really act as files. 

For the purpose of separating a bundle of fibres, the “ edge ” cannot be the edp 
with which we are familiar in axes and chisels. Such an edge drawn acmes will at: 
fibre s on a surface only; this is insufficient, for a saw is required to cut fibres beta a 
surface. 

Tho tearing also of upper fibres from lower ones is not consistent with true wuk 
To actually cut or separate these is the question to be considered, and the simple anew 
is another question. Gan a narrow chisel be introduced which shall remove the pirn 
of fibre whose continuity has been destroyed by cutting edges previously alluded tot 
If so, then an opening or way will have been found along which the back or strength*, 
ing part of the cutting edge can be moved. If, however, we look at the work of l 
single cutting edge, we notice that, although the continuity of the fibre is destroyed, jd 
the separated ends are still interlaced amongst tho other fibres. To obtain s putt 
removable as by a small narrow chisel, it will be requisite to make a second cd 
parallel to the first. This being done, there is the short piece, retained in positks 
by adhesion only, which must by some contrivance be removed, for it is in the nj, j 
and the room it occupies is that in which the back of the cutting edge must move, to: 
slide, as it were, a narrow chisel along and cut it out is more simple in suggestion ttoa ■ 
in execution. 

There is another defect upon the application of what at first seems sufficient to 
principle, but only wanting in physical strength—it is the absence of any guide, to 
draw a pointed cutting edge along the same deepening line needs a very steady hand 
and eye. This consideration of the problem requires that some guide principle rod 
enter. 

To increase the number of cutting edges, and form as it were a linear sequence d 
them, may give a partial guidance, apd if tho introduction of our chisel suggestion b 
impracticable, then another device must be sought. Instead of the 2 parallel cuttift 
it will be possible to make these externally parallel but internally oblique to the lined 
cut, in other words to sharpen them as an adzo is sharpened and not as an axe, and to 
doing so one obstacle will be removed, it is true, but a blemish which was non-extota 
will apjiear. The combining obliquity of the dividing edges will so presB upon tto 
intervening piece of fibre as to press it downwards into and upon the lower fibres, th* 
solidifying, and, in so far as this is done, increasing the difficulty of progressing through 
the timber. 

Note tho mode of operating, as shown by Fig. 298. The portions of wood aid 
ccd have been removed by the gradual penetration of the oblique arms—not only b** 
they been cut, but they have been carried forward and backward and 
removed, leaving a clear space behind them of the width a e. But how 
with regard to the portion within tho oblique arms? That part would 
either bo left as an impeding hillock, or it would have to be removed by 
the introduction of such a plan as making rough the insides of these 
oblique anus. If we consider the nature of the material left, it will be 
admitted to consist of particles of woody fibre adhering to each other 
only by the glutinous or gummy matter of the timber, and not oohering. 

If the breadth a e is not too large, the whole of tho heap would be rubbed away by tt* 
power exerted hr the workman. There will therefore be not only economy in power, W 
pcpjjowy also in material ip uarrQ^Pfc a e. \i tPW V* ^ the ft** 
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Vom the piano of the metal of which this cutting in at rumen t is made, it will ho 
red that the active portion has 3 edges, of which the lower or horizontal one only is 
:iv«> for the tool rides upon the fibres, divides them, end when the dividing has 
seuompliahed, the sloping parts will remove the hillock. To act thus, the lower edges 
i. require to be sharpened at a and e so as to clear a gat© for the metal to fellow, 
ctkro of the h>ol as described would require a downward pressure, in order to cause 
itiing segments to penetrate vertically. The resistance to this downward entrance 
breadth of the u tooth,** for it rides upon a number of fibres and divides them by 
g ever: the complete action requires not only downward pressure for the cut, but 
inriaontal pressure for the motion, the latter both in the advance and withdrawal 
e tool. These 2 pressures being at right angles do not aid each other, and will 
n J both hands of the workman. It is very obvious that Ihe compounding of these 
give freedom to at least one hand. 

'or the present, assume that the 2 pressures to be compounded arc equal, then the 
de operation is to employ one pressure making (say) an angle of 45 15 with the 
^mtsl line of thrust. Although this be done, yet if the saws be any length, clearly 
angle? will vary, and therefore the effi ct of the sawyer's labour will be countcracled, 
*r as a consequence of excessive thrust or of excessive pressure at the beginning or 
nsr of the stroke. Id fact, not only the position in which the handle is fixed 
tie siw, but the very handling itself will require those adaptations which experience 
L'Can give. 

he effect oF this will be to cause the forward point* to penetrate* and cross-cut the 
> obliquely. The return action will be altogether lost onlora the instrument is 
igcd accordingly, and sloped in the other direction, 
the tool becomes a single-handed one* and relies for its operation upon thrust or 
jti in one direction only (say thrust), then cutting edges uu the back portions of the 
nre u scIcjms, and had better be removed. 

he experiment worthy of trial is, can the whole power, or nearly the whole power, 
rj verted into a tension or thrust for cutting purposes. To do this the cutting edge 
be «o formed as to be almost self-penetrating; then the cutting edge is no longer 
uouial edge* but it becomes oblique, on the advancing face, and formed thus there 
reason why it should not also be oblique on the back face, and so cut equally in 
directions. The inclination of these faces to the path of the paw must be determined 
ie power—whether it L# capable of separating os many fibres as the teeth ride 
sen, and if these ere formed to cut each way (as a single-handed tool) whether it 
be done; because it necessitates a construction to which tension and thrust may 
ternately applied. The nature of tho wood, the power and skill of the workman, 
be strength of the metal* must answer this suggestion, 

bo depth, or rather length, of the cutting face may be decreased, and the number 
th increased, for the fibres to be cut cannot bo more vertically than can be contained 
en 2 t«Lth. The operative length of the tool must also be taken into uocouni, for 
nsbined resistance of all the fibres resting within the teeth must be less than tho 
* of the workman. It may be well to remark that this difficulty is generally met 
^tice by the workman so raising certain teeth out of out as to leave only bo many 
station as the circumstances enable him to work. One advantage results by m 
— th*'- guide principle of a longer blade is gained than could be done had the length 
limited by that of the operating teeth, or had there been o prolongation of metal 
ut any teeth upon it. To avoid complicating on attempt to deal progressively with 
lion oF the saw, this, and perhaps other considerations may for a while pass from 
, Oomiidftred as hitherto the teeth and tool are pi aimed for operation in both 
n and thrust. Now these are of so opposite a nature that a tool perfect under the 
likely lobe imperfect under the other. When the necessary thin tubs of the 
U1 and the tenacity of it are taken into account, tension seems the moat suitable; 
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but although the ancients and the workmen in Asia are of this way of thinking, fit k ^ 
England the opp site practice is adopted. It may be well to give a few minutes tottii ~ 
brunch of the subject. “ 

The form of a saw must in one dimension at least be very thin, and that without nf 
opportunity for strengthening any port by means of ribs. When a strengthening lark 
introduced at the back as in dovetail saws, the depth of cut is limited. In ori*» “ 
then, to permit the guide principle to operate efficiently, this thin material mot h & 
so prolonged as under all circumstances to guide the cutting edge in a straight tim 
Of course we are dealing with saws to be used by hand, and not with ribbon • 
machine-driven saws. 

If a light saw blade be hooked on an object, or placed against one, then tenia , “ 
causes this straight blade to be more and more straightened. On the contrary, if presA 
forward by thrust, the weakness of the blade is evidenced by the bending. Now, fans! 
as saw teeth are. either to cut in both directions, or in the forward direction mlj, 
then there is always one direction in which the work to be done is accomplishedtyi 
thrust upon this thin metal. Clearly the metal will bend. If, however, the teeth u* 
such as to cut in one direction only, and that when the tension is on the metal, the wd 
tends to preserve that straightness of blade upon which an important quality and used 
the tool depends. That this tension system can be efficient w ith a very narrow blade k 
clear from the extensive use of ribbon saw's. There is, however, a property in ft* 
breadth of the blade which applies equally to the tension and thrust systems—it is fti 
guide principle. The breadth of the blade operates by touching the sides of the gi* 
way opened by the teeth. When it is desired to dispense with a straight guide 
sawing purposes, it is done by narrowing the blade as in lock saws, tension faun 
sawn, ic. 

There is obviously a limit to the required breadth even for the most effectual grit 
ance and movement: this guidance should be uniform through the entire cot; bead 
upr.n the guide principle alone, there is required a breadth of saw beyond whit ■ 
requisite for the teeth. The reasoning hitherto has landed us upon a parallel blade d 
some (as yet) undecided breadth. When one of our ordinary hand cross-cutting sawii 
examined, it is observed to be taper and not parallel, the tapering being at the edge « 
back, where the teeth are not. This bos been done to meet our practice of using thei*f 
as an instrument for thrust instead of tension. When the teeth near the endfarthri 
from tin- bundle are too|»orate, and there is no steadiness obtained from the guidancerf 
the sides of the already separated timber, then the whole of the thrust must tl 
transmitted through the necessarily thin blade. An attempt to compensate for this tini¬ 
ness by increasing the breadth is the only course open. It is one not defensible upa 
any true principles of constructive mechanism, for it is not in the increased breadth* 
extension of surface that resistance to bending is wanted, but it is in the thickoem sni 
that is impracticable. 

In thrust saws, the band and the arm of the workman occupy a definite position, aid 
the lino of pressure on the saw is thus very much determined by the inclination of ft* 
handle (that part grasped in the hand) to the line of teeth prolonged backwards. If tbs 
handle bo placed at such an angle that a large part of the resolved tlirnst be perpendh 
cular to the line of tindh, then the u bite*’ may be greater than the other resolved podia 
of the power can overcome. At another angle the “bito n may bo very little, sA 
although the saw thus constructed would move easily, it would work “sweetly,*’ W 
slowly. The construction is suitable for saws with fine teeth and for clear cutting!. It 
will l»e soon from these considerations that there should be preserved a very careftdly 
considered relationship between the size and angle of the teeth and the position in whkk 
the handle is fixed, or rather the varying adaptability of the workman's thrust IndeA 
u;»on fully developed and accurate principles, the timber to be out should first 1* 
eifiiuiuol, its fibrous texture determined \A\y&\c&\\\, w wm taArovk team these 
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h and handle so related ns to do the required work with a minimum of power, 
ilicity of ^ws fa uat available; and as in music the multiplicity of notea 
the violin can produce are rejected in oilier instruments, so hero the multi- 
leoretical «iws is rejected, and a kind of rough and ready compromise is 
iwcea the position of the handle and the angle and depths of the teeth. It 
ever, well repay those whose works are usually of the same character and of 
ass of timber, to consider these points, with a view to the selection of saws 
i of handle suitably constructed W do the work with the least expenditure of 

ronls upon the handles of single-handed saws. Whatever may be the other 
equired in handles, the large majority of saw-handles have the curved booked 
a and 6, Fig. 299; these are connected with the pressure of the sawyer on the 
n sawing, the hand bears upon the upper hook a, then an increased pressure 
the forward teeth; if upon the hook J>, the pressure on 
teeth is released, aud consequent ease in sawing results, 
sure may be given te the hack teeth. The angle at 
it thrust ought to act upon the line of teeth in the saws 
r very different. Each material may he said to have 
0per angle. Provision may be made by 2 set screws 
l 6 for varying the intersection of the line of thrust with 
teeth. It will be further noticed that in the handle of 
inn saw/* Fig. 301, the upper hook is wanting, and this 
ler any circumstances the weight of the saw ia more 
cut, and therefore it is not requisite that any resolved portion of the wurk- 
jy thauld be compounded with ibis. Not so with the oilier hook ; that is 
order that thus tbs weight of (tie saw may l»e tak^n from the woik. For 
is the line of direct thrust is nearly parallel with that of tlio tooth, We 
guilty of much inconsistency in the placing as well as in the formation of 
L 

recapitulation of what has been said may suitably close this fur from 
iraoch of the subject, 
lie Wen considered :— 

01 of impact transverse to fibre. 

cl of thrust transverse to fibre. 

sing of a cutting edge transverse to fibre. 

notion of length of cutting edge transverse to fibre. 

tjduction of combined vertical with liorkantai out. 

ading off the bock of cutting edge. 

tsures required in sawing. 

compared with thrust. 

uJur position of handle. 

datum of forces operating. 

y W considered the circumstances which influence the form and position bolh 
and the edges to be put upon them, in the case of band-saws operating 
rust alone, or by thrust and tension combined (os in the 2-handlcd cro**- 
* u*ed by 2 men, nr in the whip and frame saw used in saw pits). Unless 
eutinned the thrust hand-saw for cross-cutting will bo the only one 

>o well at the outset to explain that the coarseness and fineness of saws 
h! by the number of teeth pom Is in an inch. The lawmaker uses tho 
■*" but not in the sens© as employed in wheels and screws. By pitch he 
inclination of the face of the teeth up which the shaving ascends"* CteixVj 
to cat rrben dmwn in bath directions, the slope of the teeVh thes 
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must bo the same on both sides; indeed, this may be considered the primiiire fan 
saw teeth, and derived as the saw is said to have been from the backbone of a 3*b t 
the furm that would be suggested, To use a saw with such teeth in the mo»t pti 
manner would require that the action at each end should be the same ; Lhic?* Um-m 
ihe forms of teeth generally uset in the ordinary 2-handled saw used for the ciw-rrt 
of timber* The teeth of these saws are generally wide spaced* and the angle Inriu-J* 
their point is from 40° to GQ°. The forms, however* of teeth* to cut in Wh direrb 
are sometimes more varied* especially when the material is uni of uniform anrcfitn 
character. When this equality of tension in both directions cannot be had, ttri 
w orkman is required to cross-cut the timber by a one-hand led saw* it is char tl.it 
must consider the action as that of tension or thrust alone—one of Ihe^e only. TJw 
reason why both are not adopted seems to be that were it so* very different mm 
motions and postures of the body would be introduced* stud probably experictw* 
shown that these are more fatiguing than the alternate pressure and relaxatinB *1 
hikes place in the ordinary process of hand-sawing. Now, if the cut is in the th 
only, Ihon the form of the track of the tooth must be the very reverse of that of tko ft 
for it ought to slide past the wood* because not required to separate the fibre* In 
case the l»aek of the tooth may bo sloped away, or it may be shaped othenrm 
faces of the teeth are no longer bound to be formed in reference to an equality at 
back. Indeed, with the liberty thus accorded* there has arisen an amount of fi 
in tlie forms of teeth, which fancy has developed into prejudice and fashion. N* 
dependent either upon uses or forma are given to these, and they arc dicdingirfehtfl 
such names in the trade. Peg tenth* >1 tooth, half-moon tooLli, gullet tnntb. bri.ir to 
also ** upright pitch,” 14 fiat pitch,” ** alight pitch ” Of these varieties, custom hm 
for most general use in England the one in which the face of the tooth ii at right m 
to the line of the teeth. The backs of the teeth are* therefore, sloped according V 
distance between the teeth and the coarseness or fineness of the saw. This Lg a 
ordinary, or hand-saw pitch. 

A consideration of the action of the saw in cross-cutting timber settles the nil 
edge, and so suggests the mode of sharpening. Taking our ordinary crosa-cm 
single-handed aw as the type, the forward thrust is intended to separate the fibres, 
this not in the way of driving a wedge, but in the actual removal of a small piece hi 
parallel cuts. For example, if Q Op Fig. 800, bo a fibre, then the action of the siw 
be to cut clean out the piece o, b, so making u space a, 6, wider than the Steel of whirl 


saw is made. The cleaner the cuts a d, be are the better. 

Now this clean cut is hi be made by the teeth advancing 300. 

toward the fibre. If they come an in axe fashion, then Aft 

the separation is accomplished by the direct thrust of Q_ I 1 

a sharp edge, in fact* by a direct wed go-like fiction. 

Now a wedged ike action may be the best For separating 


fibre adhering to fibre, but it is on action quite out of place in the eross-cutog 
single fibre, in which cohesion has to be destroyed. There is needed a cutting *£ 
he. a drawing of an edge, however sharp, across the mark for separata; 
drawing action is very important. Admit for the present that such action is twi 
then the saw tooth us constructed does not supply it. Clearly the sharp ed^n 
somehow or other be drawn and pressed as drawn across the fibre. Two ways of sc 
pllshing this present themselves. The effect on the action of the workman it 
different id these eases. In the first wo must press the saw upon the fibre* a) 
the same time thrust it lengthwise. Now in soft timber, and with a saw haring 
only moderately sharp, Ibis pressure will tend rather to force the fibres into« 
contact, to squeeze them amongst each other* to solidify the timber, and increai 
d/flkmJfy in cutting. Two actions arc here, pressure and thrust. In the secciwl 
0o pressure muet be very light indeed; IS o\Yw*rw,\i&fc Vwth will g 
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t* iUiivs than the strength of the workman can separate; indeed, as a rule, in 
rua*~emiing of broad timber with all the saw teeth in action, pressure m not 
*4, tie average weight of the saw-blade sufficing for the picking up of the fibres, 
miahly from the delicate and skilful handling which a tooth thus constructed 
nw, Uiat hand-saws are not more generally constructed with teeth of this form, 
[ditinn fei these there is the penetrating tooth, as the points of the peg tooth 
»thrn». Whatever may be the form of the teeth, the small piece fl b, C d, Fig, 300 f 
to bo removed so as to leave the ends from which it is taken as smooth and 
cut as possible, therefore the cutting edge must be on tho outside of Die tooth, 
bt &ug so, it follows Dm! the act of severing a fibre will be attended with com- 
liiu whose effect is to shorten it. Thus condensed it is forced up into the spaco 
t*?n the- teeth. If now this space is not so formed bb lo allow the condensed 

• to drop freely away so soon as the tooth passes from the timber, then the saw will 
m* choked, and its proper actum will necessarily cease. In large saw* this is 
hied for in the shape of the u gums” in which the teeth may be said to be set. 
t in America aro called H gums w are frequently in England called ** throats,” 
» c&nmit work easily unless as much care is bestowed upon the '* throats” or 
iu* ** us is given to the teeth. 

tny exhaustive attempt to deal with the considerations which present themselves 
au who enters upon the question, what wider all the varying conditions of the 
Irma should be the form and set of a saw-tooth, would require more experimental 
vledge and patient research than the subject seems to have received. There are 

* than IDO different forms of teeth, Sheffield and London do net agree upon the 
v of Ihu handle. The Eastern hemisphere and the Western do not agre^ whether 
tig darn Id be an act of tension or one of thrust. 

ho quantity of timber cut down in America must have led to investigations with 
kc% to saws such as the requirements of this country were not likely to call forth, 
oe we have very much to learn from the American 3 on this point. 

U it ft^m# most judicious to invest [gate the principles by considering a largo and 
y tool, perhaps it may be well to examine the largest handicraft saw. This (Fig, 301) 
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^ono-iuan saw ” 4 ft. long, by Dmatnn, Philadelphia, Long as the blade is, it u* 
:c*u long. The travel U near, but still, within the limit of a man's arm. To enter 
sond, the teeth at the extreme end are used. These are strong, but of the form 
imlly mot with in the largest of our own cross-cut taws. The acting teeth are of 
A shape, with a guild or space between them. The angle at which the teeth are 
peo«d U very acute: the consequence of this and of their form is t that they cut 
rithly as a jdiarp knife would do; indeed, much as a surgeon’s lancet would, 
c U* tli i*re formed on the principle of the surgeon's lancet, and these are called 
ntn” t*** th. The spaces between the M r s in the u one-man saw " are ** gums " for 
n*vq> Li- i and removal of the pieces cut out of the separated fibre. In the particular 
bcf.jjc us, tha M is | *p broad and f in, deep; the upright legs of the M ure 
q* ned from within, the V of the M is sharpened on both sides. The legs arc u sct ** 
uv M>' and Die V to the other side. Thus arranged, the &nw cutaequal's m tevusum 
in thrift, sad theJebrte /# brought out freely at each end* Thu M tBoWtnx to* 
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double-cutting results from an observation on two carefully-toothed short 
elementary saws, where it will be noticed that the form of tooth to cut both 
resulting from the combination, is M. The set of this large “ one-man saw*ii 
of notice. An inspection of the cutting points will show that each point is dii 
from the plane of the saw blades not more than about ^ in. When ths object 
44 set” is considered, it will be allowed that so little is sufficient. 

The annexed diagrams (Fig. 802) of teeth of certain cross-cut saws used in 
may illustrate the present subject. A single tooth will in some instances be 
between the M teeth: this is a “ clearance ” tooth, and is generally shorter thss 
cutting tooth. Sometimes it is hooked, as may be seen in c ; in such case it 
by ^ in. than the cutting teeth, and acts the 

part of a plane iron by cutting out the pieces T 

of fibre separated by the other or cutting 
teeth, which cutting teeth under these cir¬ 
cumstances are lancet-like sharpened to very 
thin edges. 

That the “ set ” of tlio teeth should be 
uniform in the length of the saw follows 
from a moment’s reflection upon the object 
of this set. If one tooth projects beyond the 
line of the others, that tooth will clearly 
scratch the wood, and therefore leave a 
roughness on the plank. As more than its 
aliure of work is then allotted to it, the 
keenness of edge soon leaves it, and thus 
increases the labour of the sawyer. The 
American contrivance for securing a uni¬ 
formity in the set of the teeth is the “ Bide- 
flle.” The three set screws determine the 
elevation of the tile above the face, and tlio 
travel of the short length of tine cut file 
reduces nil excessive '‘sets” to a uniform 
41 set ” through the entire length of the saw. 

The 44 crotch punch ” is also an American 

contrivance for obtaining a clearance set out of a spreading of the thick steel of the** 
by an ingeniously formed angular punch. 

It is occasionally required to saw certain cuts to the same depth, as, for instance, h 
the making of tenons. The saw to which the term “ tenon ” is applied is more suitodlf 
cabinet than for carpenteis’ work. However, an ordinary saw may be provided vA 
a gauge, which can be adjusted so as to secure a uniform depth in any number of efc 
and in this respect it is even superior to a tenon-saw, and may be suggestive to 
who.se labours might lie facilitated by the adoption of such a contrivance. 

The rip-saw considered as a cutting tool, may be likened to a compound chisel, and ill 
form of teeth which would operate with the least application of power would be the 
ns that of a mortising chisel; but knots and hard wood are conditions which csflfr 
rigid teeth, rendering the chisel form impracticable, except for sawing clear lumber, 
with a high degree of skill in tiling and setting. Tho limit of endurance of such Itad 
us must Ik? employed for saws, will not admit of pointed teeth; these will bzesk b 
cutting through knots and hard wood, und no form of saw-teeth which permits tbA 
points to crumble and break should be adopted. Iu actual practice, with the ikiOed 
tiler, there is a tendency to create pointed saw-teeth, and when there is a want of ekfflfc 
t)w filer the tendency is the other way, and teeth unnecessarily blunt are c ommon , "ft* ■ 
action of a saw when ripping or cutting with the hhtm ol <ne wwANawc&x&j | 
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n that when cross-cutting or severing the fibre* of tho wood tnuisversel j ; the shape 
the teeth &tuI the method of sharpening should therefore differ. In the case of a rip- 
r t the action of the saw is chiefly splitting, the teeth acting like a aeries of small 
Iges driven into and separating the longitudinal fibres of the wood; whilst with cross’* 
ting saws, the fibre of the wood has lobe severed across the grain : it is comparatively 
holding, the teeth of the saw meet with much more resistance! and it is found 
ess&ry to make the teeth more upright and more acute or lancet-shaped than for 
ting with the grain. The faces of the teeth should be sharpened to a keen edge, and 
hard wood filed well back, eo that in work they may have a diieot coiling action, 
ikr to a number of knives. Care should also be taken that the teeth aro made of 
Seient depth to afford a free clearance for the sawdust. This is an important point 
with rip-saws. The teeth should also be equal in length: if not, the longest teeth 
the most work* and the cutting power of the saw is much lessened. The length of 
teeth should depend on the nature of the wood being sawn: for sawing sappy nr 
v>aa woods, long, sharp, teeth are necessary, arranged wilh ample throat space for 
rdust clearance ; care must be taken, however, that the teeth arc not too long, or they 
1 be found to spring and buckle iu work. In sawing resinous woods, such as pitch 
e, the teeth of the saw should have a considerably coarser Kit and space than for hard 
xla. It will also be found advisable—especially with circular saws—to lubricate the 
des well, as the resinous matter is thus more easily got rid of. In sawing herd woods, 
icr with reciprocating or circular saws, the feed should be not more than one*half as 
t as for soft wood, the saw should contain more teeth, which should be made consider- 
y shorter tbao those used for soft wood, roughly speaking, about £ ; it is impossible, 
never, to make a fixed rule, owing to the great variety of woods and their different 
dnesaes; the length of teeth which may be found to suit one wood well may in 
►iher case require to bo increased or decreased, lu cutting woods which ere much 
iru to hang and clog the saw-teeth, increment teeth may be used with advantage: 
sc are arranged with fine teeth at the point of tlie saw, which gradualiy get coareer 
the head of the aw is reached ; thus the fine teeth commence (he cut and the coarser 
« finish it, obviating in a great degree the splintering and tearing of the wood caused 
coarse t«?eth striking the wood at the commencement of the cut. As regards the angles 
the teeth best adapted For cutting soft or hard woods no absolute rule can be laid 
*tu The following may tie modified according to circumstances. If a line be drawn 
ough die points of the teeth, the angle formed by the faco of the tooth with this Hue 
mid be: For cutting soft woods, about for cutting hard wood, aboutSQ°-85°, 

e angle formed by the face and top of the tooth should be about 4o°-50° for soft wood, 
KSS^-70 0 for hard. The angle of the tooth found best for cutting soft woods is much 
tt scute I ban for hard. Terns used in describing the parts of a sa w are;— 14 Space " ; 
distance from tooth to tooth measured at the points, M Pitch n or 11 rate 11 ; the angle of 
fM>} of the tooth up which the shaving ascends, and not the interval between the 
U», a* wilh Urn threads of a screw. “Gullet** or u throat **; the depth of (he tooth 
m the point to the root. M Gauge " : the thickness of the tiaw T generally measured by 
wire gauge. “Set*': the amount of inclination given to the saw*teeth in either 
efikm to effect a clearance of the sawdust, 41 Points " : small teeth an? reckoned by 
nuubev of teeth points to the inch. The chief facts to be borne in mind in 
acting a saw with the te eth best suited to Iho work in hand are the nature aud con- 

t <n of the wood to be operated on. No fixed rule can, however, be laid down, and the 
must l*e guided by circumstances. All saws should l>e ground thinner toward# the 
ss act is thus necessary, the friction on the blade is reduced, and the 


,r sawdust, is improved. Cafe should also be taken that they are perfectly 
(form in hxithmg and temper. The angle of the point of a tooth can tie 
btraetmg its back angle from its front, and to do the beat and wutV 


should be uniform in nil the teeth of the saw,” (M. Powia \iaV\bVY^\ 
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The following table incladee saws generally need by mechanics Who Work wtod If I 
hand:— t 


Names. 

Length 

in 

Inches. 

Breadth in Inches. 

Thickness 

in 

Inches. 

Ma 

Hm 

lack 

At Handle. 

At End. 

Without Bockt. 




■■ 


Hip-saw . 

28-30 

7 -0 

3 -4 


Si 

Pine rip-saw . 

26-28 

6 -8 

3 -31 

0*042 

4 

Hand-saw. 

22-24 

5 -7J 

21-3 


5 

Cut-off saw . 

22-24 

5 -71 

21-3 

m bj 

6 

Pauel-saw. 

20-24 

41-71 

2 -2} 

m wb 

7 

Fine panel-saw .. 

20-24 

4 -6 

2 -21 

m kTB 

8 

Siding-saw. 

10-20 

2J-3J 

11-2 

m 

6-11 

Table-saw. 

18-26 

1J-24 

1 -1» 

,, 

7-8 

Compass or lock-saw 

8-18 

i -if 

i- 1 

.. 

8-9 

Keyhole or pad-saw. 

6-12 


i- i 

•• 

9-lft 

With Backs. 






Tenon-saw. 

16-20 


sj-H 


10 

Sash-saw. 

14-16 


2J-SJ 


U 

Carca 88-saw . 

10-14 


2 -3 

0 025 

11 

Dovetail-saw . 

6-10 


U-2 

0 022 

14-18 


(HolUapk-L) 


Qualities.—Hodgson made a number of experiments on saws to test their qualitiei 
and capabilities ; and after using them in various ways, fairly and unfairly, he aniid 
at the following conclusions :— 

( 1 ) That a saw with a thick blade is, 0 cases out of 10, of a very inferior quality ,td 
is more apt to break than a thin-bladed saw; it requires more “ set,” will not stand n 
edge nearly so long as a thin one, is more difficult to file, and being heavier and cottof 
a wider kerf, is more tiresome to use. 

(2) Saws hung in plain beech handles, with the rivets flush or countersunk, «• 
lighter, easier to handle, less liable to receive injury, occupy less space in the tool ctad 
and can be placed with other saws without dulling the teeth of the latter by abnflM 
on the rivets. 

(3) Blades that are dark in colour, and that have a clear bell-like ring when strtA. 
with the ball of the finger, appear to bo made of better stuff than those having a 
iron-grey colour; and he noticed, in proof of this, that the thinner the blades woe,ft* 
darker the colour was, and that saws of this description were less liable to •‘buckle”* 
“ twist.” 

(4) American-made saws, as a rule, are better u hung H than English ones. Aii 
where beech is used for handles, and the rivets are flash or ooantersank, sU cA* 
things being equal, the American make is the most desirable. 

(5) Polished blades, although mechanics have a strong prejudice against 
freer and much easier than blades left in the rough, and they are less liable to msL 

( 6 ) Saws that ring clear and without tremor, when held by tho handle in one tad 
and struck on the point with the other hand and held over at a curve, will be 

be well and securely handled; but saws that tremble or jar in the handle, whenaftA 
on the point of the blade, will never give satisfaction. 

Selecting.—The following valuable suggestions on the purchasing of sawn an gH* 
by Disston, the well-known saw-maker of Philadelphia. The first point to be otatfid 
in the selection of a hand-saw is to see that it “ hangs ” right. Grasp it by the hidft 
and hold it in position for working. Then try Si the haa&a h\a She hand propafy 
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i point# of great importance, A handle might to be symmetrical, end aa 
as a beautiful picture. Many bundles are made out of green wood: they soon 
I become loose, the screws standing above the wood. An unseasoned handle 
r warp and throw the saw out of truth. The next thing in order is to try the 
springing it. Then see that it bends regular and oven from point to butt in 
as the width of the Haw varies. If the blade be too heavy in comparison to 
saw will never give satis faction, because it will require twine the labour to 
he thinner you can gut a stiff saw the better. It makes less kerf, and takes 
e to drive it A narrow true saw is better than a wide true saw; there is less 
dragging or creating friction. You will get a smaller portion of saw-blade, 

LU save 1 UU dollars' worth of muscle and manual labour before the saw is worn 
ays try a saw before you buy it* See that it is well set and sharpened, and 
1 crowning breast; place it at a distance from you* and get a proper light In 
h and you ean see if there be any imperfections in grinding or hammering. 
r saws ou a stake or small anvil with one blow of a hammer. This is a severe 
no tooth ought to break afterwards in setting, nor will it, if the mechanic 
> proper method. The saw that is easily filed and set is easily made dull. W© 
icnt complaints about bard saws, but they are not as bard us wo would mako 
e dared: but we shall never be able to introduce a harder saw until the 
is educated to a more correct method of setting his saw. Tk© principal point 
tries to get part of the set out of the body of the plate when the whole of the 
te got out of the tooth, A a soon as be gets below the root of the tooth to get 
distorts and strains the saw-plate. Thi» will cause a full-tempered oast-sted 
w*, and the saw will eventually break at this spot 

iaw say* that a hand-saw must be springy and elastic, with almost ft 11 Toledo 
mper- There 14 no economy in buying a soft saw; it coats more in a year for 
ling than a Lanl one does, dulls sooner, drives harder, and does not last so 
5«*1 band-saw should spring regularly in proportion to its width and gauge; 

& point should spring more than the heel* and hence the curve should not be 
roof a drabs, If the blade is too thick for the size of the teeth, the saw will 
y. If the blade is not well, evenly, and smoothly ground, it will drive hard 
o spring. The thinner the gauge and narrower the blade, the more need for 
imform and smooth grinding ; the smoother and more uniform the grinding, 
sr and narrower a saw you ean use. The cutting edge is very often mad© on 
curve, or with a M crown" or *'breast*" to adapt it to the eatnml rocking 
the hand and arm. By holding the blade in a good light, and tapping it, 

© if there are imperfections in grinding or hammering. Before buying a saw, 
about the same grade of work as it is intended to be put to. It is a mistake 
that a saw which is easily set and filed ia the best for use. Quite the reverse 
, A suw that will take a few more minutes and a little harder work to sharpen 
its edge and set longer than one which can be put in order quickly, and it 
better in knots and hard wood. 

“—The first thing to be considered is the position of the stuff while being 
fjion. Board or plank should be laid on one or more saw-horses a in either a 
flat position, the saw being hold more or leas nearly vertical, while the work* 
his right knee firmly on the work to secure )L If the stuff is more than 3 in. 
lould he lined on both aides, and repeatedly turned so that the sawing proceeds 
site rides alternately; this helps to ensure straight and regular cutting* The 
1 firmly in the right hand with the forefinger extended against the right side of 
The workman*® eyes should look down ou both sides of the saw. As the 
lessee, a wooden wedge should be driven into the slit or “ saw kerf n h % bn 
e for the saw* Care is needed not to draw the tool too tat out ot 

' end will ho H crippled ” by sticking it into the wood when returning Vw to >3n» 
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cut Grease should be applied freely to lubricate the teeth. Sometimes the saw-bom r 
is dispensed with and the work is laid on the bench and held down by the hand or if - 
mechanical contrivances, either with the end of the stuff hanging over the end of Ik > 
bench, or with the edge hanging over the side. The operator can then stand erect it Ui 
work and can use one or both hands. Continental workmen often me the rip-ttvvtt 
the back of the saw towards them; they place the work on saw-horses and conmen 1 
in the usual way, then turn round and sit on the work and drive the saw before tfam, 
using both hands. 

For cutting wide tenon*, the stuff is first gauged with a mortice gauge (p. 186), at 
then secured in a bench vice in a more or less vertical position. The saw to M 
applied in an almost horizontal position, the workman taking care to adhere to the bi 
so that the tenon may have the proper size when done. As soon as the saw has atari 
the lino it is inclined in such a way as to cut down to the bottom of the mark on fit 
side farthest from the operator. Wheu that has been reached, the stuff is reversed, fli 
the saw is worked in an inclined position till the opposite shoulder has been resM 
This gives the limit of the cut at each edge, leaving a triangular piece uncut in Ik 
middle of the slit, which is finally removed by setting the work and using the mwina 
exactly horizontal position. This facilitates working with truth and accuracy to At 
square. Large work is best done with a rip-saw; small, with a hand- or panel-**. 
The left hand seizes the wood to steady the work and the workman. The w*tam 
makes a cut with the grain of the wood, which should always be the first half tok 
performed. When the longitudinal cuts have been made, the cross-cuts or shoulders 
made by laying the wood flat on the bench against a stop. 

For cross-cutting timltfr, the hand-saw is commonly used; the teeth are finer tki 
in the rip-saw, and are set a little more to give greater clearance in the kerf, as the tod 
is mure liable to gain when cutting across the fibres of the wood. The saw is held» 
the right hand, the left hand and left knee being placed on the work to steady itonfk 
saw-horses. The workman must proceed very cautiously towards the end of the eri 
and provide some support (generally his left hand) for the piece which isabonttok 
detached, or it will Anally break off and perhaps produce long splinters that ril 
render tho work useless for its intended purpose. When cross-cutting on the bench, lk 
work rests firmly ami flat on tho bench, the end to be removed hanging over the fri* 
ho that it can he held by the left baud. Unless tho piece is very heavy, some n*»* 
must be provided for holding it still during the sawing, or a slight movement may t*ri 
and damage the saw. 

For sawing work that is slightly curved, a narrow rip-saw must be used, and to* 
kerf must be kept well open by inserting a wedge. In ripping plauks or tenon*, hri 
hands may be used to advantage in guiding the saw. In all tawing, tho tool shouldk 
grasped in the right hand, while the left may rest on the material, or may be need® 
assist in working the saw. Iu the first few strokes, the length and rigour of theriiflk 
of the saw should be gradually increased, until the blade has made a cut of 2-4 in.® 
depth, aftt*r which the entire force of the arm is employed : the saw is used fimm poi® 
to heel, and in extreme cases the whole force of both arms is used to urge it fonrari- 
In moat instances, little or no pressure is directed downwards, or on the teeth; wk* 
excessive effort is thus npplh d, the saw sticks so forcibly into the wood that it refnrf 
to yield to the thrust otherwise than by assuming a curved form, which is apt permanent)} 
to distort it. The fingers should never extend beyond the handle, or they may k 
pinched between it and the work. To acquire u habit of sawing well, the workshudi 
as often as practicable, he placed either exactly horizontal or vertical: the position* rf 
the tool and the movements of the person will then be constant. The top of *** 
benches should be level. The edge of the saw should be exactly perpendicular, wb* 
won edgeways, and nearly so when seen sideways: the eye must narrowly watch 4k 
path of the saw, to check its first disposition to depart Ivotca out for it; tori 
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on the right and left of the blade? alternately as to bo just nble to flee the 
irTect a smell deviation at the commencement, twist the blade as far fis the 
11 allow ; the back being somewhat thinner than the edge, the true Line may 
nmed to. Make it a habit to watch the blade bo closely as scarcely to 
correction* The &aw t if most “ set" (having the teeth standing higher) on 
Is more freely on that side, and has a tendency to run towards It 
ibJe rt ot ** ship-carpentera 1 " saw has a long narrow blade intended for cutting 
ong radius; it is handled similarly to the rip-saw. The "compass" saw 
g (12 in,) and narrow (tapering from | in* to 1| in.) blade generally resembles 
>w; in use it is apt to buckle and snap in short curves, unless it is hied so aa 
pulling motion instead of with a thrust. The ‘“pad" or a socket" saw 
liininutive form of the preceding* made to slide into a hollow handle, where 
y screws, only bo much of the blade being drawn out as is required; it 
led for the pulling stroke. The l( web " or ** bow 11 saw is a narrow ribbon- 
fi in a frame ; it has very tine teeth, adapted for cutting both with and across 
the chief use h for fretwork, the blades being made to twist round to suit 
“Back" saws art? of eeveral kinds, all characterised by deep thin blades: 
ail" is the thinnest, and simple filing usually gives it sufficient set; great 
s?ary with it to prevent buckling and kinking, a twist of the hand sufficing to 
Tenon” and M sash ” saws being somewhat thicker require a little set. All 
aeed to bo kept well oiled and polished, and are best used in a mitre-box 
other guide rest ; they should be held firmly when in use, but with the least 
3® exerted in controlling their direction; the cut should be commenced by 
heel (handle end of the blade) of the saw on the farthest edge of the work 
g it towards the body of the operator (Hodgson)* 

J, it must be remembered, io forming its saw kerf, removes, iti the shape of 
solid bit of the material, which is thereby channelled us much as if the kerf 
raned by a very narrow iron fitted in a grooving piano; This is practically 
nany amateurs, who carefully saw to line, and remove that line in doing so, 
id that the piece is cat too small. Of course, the wider the saw is set, the 
he piece removed* A great many apparently unaccountable misfits are duo 
it, which accounts also for the absence of squareness in fmmed woik—for 
sed lines are seldom thus effaced* Casting the eye along a saw of which 
re turned upwards, this tool will be seen to contain an angular groove 
he alternate bending outwards of its teeth. These, if properly filed, present 
together, 2 knife-like edges d a (Fig* 303), which are very keen, and form 
> limits of the saw kerf: one of these edges, therefore, right or left, as 
y be, must just touch the ruled line upon the work, but must not encroach 
be result will be a clean true cut if the saw be in good order; but one 
ig too much set (projecting beyond the general line) will spoil it. Thus, 
b e are the limits of the intended kerf, of which the darker line his the guide 
left on the work; but the tooth which stands out too far roaches to tbe 
I uite efface b h, 

,nd Setting.—These subjects have been so ably discussed in such works as 
on *E*ow Filing 1 ; Holly on the ‘Art of Saw Filing 1 ; and Hodgsou on 
a. f that it is difficult to attack them without in some measure traversing the 

I 

tooth consists of 4 parts —face, point, back, and gullet or throat. Teeth 
;ing, length, angle, rake, set, fleam, and form of gullet* A saw blade may 
.rat kinds of teeth in succession; but all teeth of a kind must be either 
m or arranged in a regular order of change, 

nary spacing of saw teeth is qh follows : Hand-saws, 5-12 pmuta m 
beef and G-8al tbe paint: panel, (M2 ; tenon* 11-15; mitre, \0-YV ; 
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saw teeth should have a tooth space equal to i the width of the blade for soft wood, ui 
i for hard, while the depth of the tooth in each case should be \ the width of the Usds 
The length of tooth is governed by the hardness of the wood, the longest teeth beng 
best adapted for wet, fibrous, and soft woods, as giving 
greater clearance; but more care is needed in having a 
moderate and regular set. 

The angle of saw teeth may vary between about 60° 
and 40°. The fundamental angle is 60°. This may be 
in the form of an equilateral triangle for hard and 
knotty wood, but for soft wood it is better that all the 
pitch should be on the cutting face,—an upright edge 
with sloping back. For varied work the usual angle is 
40°, the pitch being equally divided. Teeth of any angle 
but 60° are not so readily filed with an ordinary file. 

The degree of rake may increase in proportion to 
the softness of the wood; in hard woods it causes a 
tendency to spring in. It may also be greater in a 
circular saw on account of its greater speed. Fig. 304 
(from Grirashaw) shows various degrees of rake, the 
arrows indicating the direction of the strain. 

The set of a tooth may be either “ spring ” (bent) or “ swaged ” (spread)* Theta* £ 
cut only on one side, have more tendency to spring in, and are more subject to side stain: m- 
the latter cut on both sides, unless they are sheared, and they are less liable to qihf V 
in and suffer from side strains. The more gummy the wood, the greater set is needai » 
Circular saws require more set than straight ones. 1 

The fleam or side angle of the teeth varies from 80° or 90° horizontally for hud 
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woods, to 60° or 70° horizontally and 30° or 35° vertically for soft. It is most s&fltb* 
in the case of soft woods free from knots; and should not accompany a bent set, * 
both tend to aggravate the tendency to spring in. 

Tho gullet or throat should always be rounding and never square, as the latter c®* 
dition gives a tendency to crack. Fig. 305 (modified from Grimshaw) shows when tb* 
gullet requires deepening, by a process known as “ gumming.” The tooth oisinperitt 
order; b is still capable of doing good work; but e demands gumming. The higher til 
speed and the faster the feed, the greater the necessity for rounding the gullet, especisfy 
in band-saws. Spaulding’s rule for finding the amount of gullet in sq. in. per tooth If 
circular saws is to double the number of cub. in. of wood removed at one revolution, 
divide by the number of teeth. Insufficient gullet causes choking, heating,and usrt* 
/unning. 

The depth , fleam, hook, and take of teeftnna* vucreasfc \n direct proportion to to* 
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“tfiess of the wooA : the spacing and depth of gullet should he Augmented for fibrous 
d porous wood; thin blade and alight act are desirable for costly wood ; a thick blade 
demanded for hard wood* 

The operations entailed in keeping a aaw in working order are threefold—filing* 
tting, and gumming, These will be described in succession* 

First of filing* It is a great deni easier to keep a *aw sharp by frequent light file- 
oches, than to let it get so dull as to need a long-continued filing down* after it gets so 



died as lo refuse to work. The saving in power, by using a sharp saw, is very great 
hmner blades may be used than where the teeth are dull; because the duller the saw, 

« more power required to drive it through the wood* and the more strain on each tooth 
lately, and on the blade as a whole* For the same reason, longer teeth may be used 
u*re they are sharp, than where they are dull. The advantage of using sharp teeth 
greatest in those saws in which the strain of cutting tends to deform the blade—&& in 
l ** puah<ut * straight saws and in circulars* (Oximehaw*) 

The saw, secured in a proper clamp, should be placed where a strong light will 
U on the teeth, so that the filer can have the full advantage of all the light he 
quires. Should there be a deficiency of light, the filer should provide a good lamp, 
id place a dnrk shade between the light and his eyes, so that he can see at a glance 
ireti every tooth ts filed to a complete point. One careless thrust of the file, when a 
oth is filed enough, will do a saw more harm than can be repaired by i hoar’s filing* 
beginner should always take a try-square and the sharp point of a small file, and 
ike a hair-mark from the point of every tooth at a right angle with the teeth on 
» sides of the blade* This should be done when the points of the teeth are all at 
uniform distance apart. Such marks will enable the filer to keep the face of 
cry tooth dressed at the most desirable angle* These directions, however, are only 
rplicable to sawa intended for cross-cutting. Beginners must always exercise nn* 
u-d care when filing the back of each tooth that has been finished. After the teeth 
e filed to complete points, it is an excellent practice to go over them carefully 
th a half worn-out file, for the purpose of bringing the points to a more perfect cut* 
ig edge. ( Hodgson*) 

Both hand filing and machine filing have their advocates* The former is generally 
r* convenient, and maybe rendered sufficiently regular by means of guides, The 
ter give* greater speed and regularity at less cost* 

Fur hand filing, reference has already (p. 193) been made to a clump for holding the 
*. A very old and convenient form is shown in Fig. 306, and consists merely of 2 
ijM of wood (which may be pine, but hard wood is better)* about 3 in. wide and 
U in* thick, joined laterally by a wooden screw passing through both at one end, and 
ring their upper outside edges chamfered off. The toothed edge of the saw stands 
'hcteolly high above the clamp to allow the saw to be used in n slanting direction 
Lhout coming into contact with the damp. Another form consists of an A-shaped 
ws, whose standards are hinged together along the top, where the saw is placed and 
Id fast by putting the foot down firmly on the cross bars suppoitm^ \*\\o d 
* horse. Other forma hare been already described under Holding \ou\e. UwSa 
the uoim produced in saw fling may be remedied bv havluti n W\er of \eatW, 
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rubber, or a few folds of paper between the saw blade and the Jaws of the clamp. Ttas 
must be no shake or jar in the saw while under operation, or the teeth of the fit 
will be damaged. 

To put a saw in order, the first thing to be done is to joint the tops of the teeth,« 
render them uniform in length. This 
is termed 14 top-jointing ” in straight 
saws and “ rounding ” in circular saws 
To carry it out, Hodgson recommends 
the following cheap and expeditious 
plan. Procure a block of wood, say 
6 in. long, 3 in. wide, 1 in. thick, 
dressed straight and true, then nail a 
similar piece on one edge, thus form¬ 
ing a corner in which to place a file. 

The file can then be held with the 
fingere, or be secured in various ways. 

Place the file flatly on the teeth, and 
press the larger block against the side 
of the saw blade, then file off the 
points of the longest teeth until the 
file just touchtB the extremities of the 
short teeth. It is important that the file he held in such a position that it will tab 
off the points exactly at right angles with the blade, otherwise the teeth will be long* 
on one side than the other, which will cause the saw to deviate or “ ran * more or kfc 
Grimshaw remarks that the operation is generally performed with a flat or “mill"A* 
although it may be done with a plane emery rubber or a whetstone. “ Side-jointing* 
is the te rm applied to a process for correcting irregularity in the set, or preventing rad* 
side projection of any tooth; each tooth is thus made to do only its fair share of the vat 
and scratching or ridging of the sawn surface is avoided. It is most effective on swagd 
eeth, and is performed by a side file set in an adjustable damp as shown in Fig. 807. 

Very useful adjuncts to inexperienced workmen are the so-called filing guides, whid 
determine the angle of contact and degree of force with which the file is 
Fig. 308 shows a simple form, easily worked, and adapted to both straight and cued* 




saws. The saw is held in the clamp a. On the guide is a circular plate b giadusted ti 
a scale for setting the file to a bevel for either side or square across the saw. Leg** 
extend from the plate over the clamp into grooves in the sides of the damp. On the 
nether aide of the plate & are a number ot grooves corresponding to the scale on tie 
edge, and into which a raised rib on the arched piece e mashea* nndNa hsdd Vsx iSts&M 
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)-«erew *1 rm the top of the plate. Through the ends of the arched piece « 
i/ f to which are secured by screws the anus that carry the file q> By loosen* 
Limb screw ft, the tile is readily changed to any desired bevel, and the handle 
may be low*red. When the file is set to the required bevel it is secured by 
; the Ihuuib-ftfliew rf, rmd its pitch is regulated by a set screw in the socket 
i at the handle. During the operation of filing, the rod / governs the pitch 
, so that every tooth is equally filed. The machine is adapted for full, 
light-edged, or circular saws. A table is issued with the machine, giving the 
rels and p-tchea for the various kinds of saw to be filed. 

39 shows the Atuesbury band-saw filing machine, fastened to an ordinary 
be file is in 2 sections, one stationary, the other movable m the direction of 
the stationary section 
► feeders and a thin seg- 
&, which files only the 
1 raced of the teeth; the 
lection carries a thick 
He with varying grades 
itating b a higher plane, 
ed to file the backs and 
urr from the points. The 
ew n varies the height of 
in to suit the grade of 
to change the pressure. 

'nee and throat file is cut 
a face and corner. The 
l runs in an oblong bear- 
at it can move to allow 
tth. An adjustable pres- 
l h bolds it to the work, 
sr spring under the head 
to the tooth‘face, thus 
e high teeth the mtat 
md bringing them down 
era I bevel. The saw ia 
clamping-jaw, with the 
ng against the gauge c, 
djuslable to any taw width by Urn screw rf, and can be set at any angle. The 
jaw U operated by a cam on the bub of the gear, and opens and closes as the 
+ feeding or filing. This jaw acts like a vice upon the saw when the files are 
with the teeth, and releases it when in contact with the feeder. The filer 
on *aws from ^ in. to 2 in. in width, and having 2-20 teeth to the inch. 
i patent saw sharpener, Fig. 310, enables any person to accurately and quickly 
iy straight saw, including rip, cross-cut, buck, band, jig, 4c. It is a combination 
*nd adjusiable guides, by means of which the saw can he firmly clamped and 
happened. The adjustable guides can bo so marked as to give the tooth the 
t. pitch, and elevation. The machine is simple, strong, and durable in eon- 
being mode from the best iron and steel. It only occupies a space in inches 
x 3. For use, secure it to a bench with 2 screws, place the saw in the clamp, 
teeth just above the face or upper part of the jaws—the handle to the right, 
ij on which the travelling plate slides as each tooth la filed, can be secured at 
A elevation by means of the thumb-nuts at the ends. Having (AAavwtd 'Cuts 
the file is brought across the saw at an angle corresponding w A\i 
mid there wade fust hr turning the thumb*screw bcne&lh the 




































bringing the file across the saw to the correct bevel. The pitch of the tooth if again to j 
be obtained as before. The price, including 1 file, if 20*. j 

The flies employed for sharpening saws include flat (“ mill **), triangular, round (for 
gulleting), and special shapes, varying of course in sire and in grade of cut. The width 
of the file should always be double the width of the surfaoo to be filed. Prefcrew** 
given to flies in which the grade of the cut (distance between the teeth) increases pro¬ 
gressively from point to heel; with this exception, hand-cat files are esteemed supers* 
to nmrhine-cut. For small teeth set at 60° it is convenient to use a file which vfll 
sharpen the bock of one tooth and face of the next at the same time. “ Float** orsingb* 
cut tiles are the l>est. Double-tape red triangular files are not to be recommended; 
when used, they should have a button at the point end. Files for hand-saws are mdi 
with rounded angles to suit the gullets of the teeth. Order and regularity in filing•» 
essential. Common rules for filing are: (1) File the faces before the backs; (2) if the 
teeth ure to be square, file in regular succession—1, 2, 3, 4; (3) if they are to have flet®* 
file 1, 3, 5. 7 to right, and 2, 4,6. 8 to left; (4) file the fronts of all teeth set from 
and the backs of those set towards you. (Grimshaw.) 

In sharpening saws by means of emery wheels, the speed of the wheel has great* 
fluence on the cutting action. The coarseness or fineness of the grit composing the shed 
must be suited to the nature of the work. The average speed of periphery adapted iff 
most purposes is 4f>00-t;000 ft. per minute, the slower speed being for wheels of 11* 
diam. ami less. Thepe whee ls are only employed satisfactorily on large circular an* 
•Setting, whether of the bent or spread kind, is performed both by simple hand-tool^ 
and by more modem and complicated appliauces. 

(a) In bent setting by blows, the saw is laid nearly flat with its teeth along til 
ridge of a round-edged anvil held in a vice, of varying curve to produce an angle soitoi 
to the character of the saw, or the saw \Aade ia griVpA Va * time to At 

• See Afresrs. Luke & Spencer’s sdvertAsemeTA Itac*, w^'fT'Ra'ta&'fe^NK. 
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In order to get the correct pitch of the tooth, the loose bushing, through which the It 
carrier passe s, must be perfectly free, and by pressing the file down between theteefr, 
you have the pitch. This bushing is held in its proper position by a set screw. Alwsgi 
file from the handle toward the point of the saw, and never press down upon the Ik 
when it is being drawn hack. Having filed one side of the saw, it should thes W 
reversed with the handle at the left. Then swing the handle of the file to the Wt, 






217 


Carpentry—R asping Took 


of the teeth. Alternate teeth are then struck in a moat careftil and uniform 
ier with it peculiar hammer, the object of the blow being to bend every tooth in 
Tv the same degree sideways. When half the teeth have been bo treated, the saw is 
blhI. and the second half are similarly served, only in the opposite direction. There 


of giving either too abort or too long set: the former results in bonding the 


th too sharply near the point, while the latter requires greater expenditure of force, 
tr netting may be corrected by alight blows in the opposite direction, A very simple 
trains for bent setting may bo made as shown in Fig. 311. It consists of a wooden 
rework a, carrying at the base a movable steel anvil £p, each of whose 8 edges may ho 
unfurl d to a different bevel. The framework also supports a steel punch c free to 
le up and down; the end of the punch is be veiled, the angle corresponding (there are 
unchfs) to the angle of the side of the anvil to be used, which varies with the kind of 
r required to he set To set the saw, it is laid on the anvil with the teeth overliang- 
the bevel desired and under the line of full of the punch, which latter is applied to 
jrnate teeth in succession by striking it with a hammer. The advantage of the 
lambia is that the amount of set given to each tooth must agree with the bevel of the 
ich and anvil. 

(ft) Bent setting is perhaps more commonly effected by leverage. The aim pleat form 
it notch cut in the end of a flic, which is applied to each tooth in order, and the 
ukite set is given by a turn of the wrist. Fig, 312 shows a handsaw-set with G 
ft-rent gauges to suit the thickness of the saw blade * and Fig. 313 is an improved set 




C 




b I 


fastening to a bench. In using these tools, the saw must first bs s&mrely damped, 
r tent-setting band and circular snws by leverage, special machines are necessary, of 
ich there i»re several forms in the market, Goodell and Waters, Philadelphia, make 
And-si w set suited to saws -J in, to 2 in. wide, holding the saw in a rigid position and 
:ing the teeth without straining th© blade. It works by an easy, uniform crank 
linn, and when tire tooth to be set is fed into position, the blade ia firmly looked 
wt^a th© steel jaws of a vice, and remains immovable while the tooth is set to any 
Tts required. As the crank goes forward, the blade is released, when the next tooth 
i-l tip to the dies, the blade again locked in vice, and this tooth set in the opposite 
jcik'fi. All these movements are automatic, and can be carded ou tA n wp&A eft 
tretk ner minute. The feeder Diets no miJv the tooth that. i» tn Vw w\. 
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is simply hang up over the machine on & wooden bracket, and the lower par Uk 
{indent near the floor. 

(c) Spread setting is generally performed by u crotch punches* or " upset die 1 
having suitable outline and faces, applied to the tooth-point by sharp btowa hm a 
hammer. There should be 2 notches, one for spreading the tooth- 
point and the other for regulating the side play and making the cutting an. 

edge concave when nece«ry. Care should be taken to always leave [ I 
sufficient metal behind the comers of the saw teeth, or they will 
break off. The accompanying illustrations, reduced from Grimahaw, f » i r 
represent the edges of teeth when 11 swaged f * or upset,” In Fig, 514* \ I 
a is the best attainable in practice; b has extremely weak comers. \ 


teeth. There is much difficulty in making crotch-punches of a satisfactory ohartft* 
as the tempering has to be extremely hard just for the jaws, while if it rum hii 
too far they have a tendency to split They should be fitted with a side guard k 
prevent the operator* hand being 

injured by the punch slipping 31 *- 

off a tooth. This guide may be i\ 

made to serve also as a means of I I 

keeping the punch central or of S. 

giving it an inclination to either ^ *' r 

side. Crotch-punchea have been 

introduced which are churned to - 

act on the teeth behind the .-^^5!! 

cutting edge as well as at the A 

edge, spreading the teeth with- \ \ r *' \ h wW^~) 

out reducing their length and “ W[ b/ / /A I 

consequently the diameter of the fJ \ \ 

saw (circular). Fig. 316 is a (T { / 

diagram of the end of the punch (TV) \ / 

with part of the covering sleeve 
removed to show the form. If a 

tooth is struck with the convex-sided lower angle, the resulting tooth is as shown su; 
u second blow with the upper angle producer this and double set tooth k 

Disston's revolving saw set is shown in ¥1^. 
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i*tze. Anting the advantages claimed for this useful little tool are the following:— 
m |Kjrt*ble T niiuple, effectual, and cheap ; it can be readily adjusted In any dim taolh, 
*3» * H-paint back-DUW to a 4-point rip-saw. The tooth in front of the one being set 
ns m guide for the tool, and the operator can readily and with certainty slide the set 
m troth to tooth. The different bevels on the disc are in accord with the different 
t> for Ut* varions-aUed teeth. The screws on each side determine the amount of set. 
m Implement is sold by Churchills, 

TnckeU's lever saw act, sold by Melbuish, at 2$. Gd. t is represented in Fig. 313, 



*■ place the set on the saw as indicated, holding it in the. right hand; place the 
**eh in line to tooth requiring to be set, then grasp the lever and handle together; 
* punch in lever forces the saw tooth over on the bevelled bend of the bolt, and the 

rfch is set. 

SEtnOPa saw seta for hand, band* scroll, cross-cut, circular, and mill saws, are sold by 



Mimhills at prices ranging from 3s. 8rf. to 16s* Fig. 310 illustrates the 

the implement. Hold the saw on any favel place, teeth upwards. Ttosfe l\i& esA ow 

13 kiw oa- jdwirn. The mivil 6 m movable up and down, and must W xegulaWt \» 
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the distance that the operator desires to set his saw teeth down from their point* frtf 
must be taken not to have th© angle or the point where the bend is made brief Ito 
base of the tooth. The nut or screw a fastens the anvil in any desired post&SL Ha 
guurd c, when moved forward, increases the amount of set to be given; when t»pf«i 
back, decreases it The guard is made fast by the screw d. The set hi aperakd bf 
compressing the handles /♦ which carries the plunger g forward, and takes effect on 
tooth of the fiawc, as shown. Great care should be taken against setting saw a loo wife 
as, with too much latitude, they will chatter and tear rather than cut, at a great art «#• 
power and waste- ofl umber. All saws should be set or pressed into line 3 timat*! 
filing, as by constant use the teeth wear off on the outside at their points, causing tbs 
to heat and spring out of true, thus spoiling the saws, burning the wood, auwofif 
power, and retarding the work, besides rendering it dangerous to the operator, 

A spring set with a slightly shearing booth performs its cutting in the tsart 
manner, but as only the comers of the teeth operate, twice os many teeth are requite 
do the same amount of work in a spring set saw as in a fully swaged one; the Utter# 
generally preferred as being more easily kept in order. In bent setting, care mart k 
taken that it is only the tooth and not the plate of the saw that is operated upon, or tbsi 
is a risk of distorting or crocking the blade. 

Gumming consists in deepening the throat or gullet of a saw, and is effected by m™at 
of punches, or preferably by rotating steel cutters or emery wheels. Too often t k 
gumming is neglected, more of the face of the tooth being filed away instead, &o 
reducing the diameter of the saws and causing waste, G rims Law illustrate wonl 
efficient machines for gumming. 

According to Duncan Paret, the simplest method by which aolid emery wheebai 
bo applied for saw gumming is by placing them on the spindle of the circular *». 
The saw to bo gummed can then be laid on the miw table, or supported in «t. 
convenient way. A simple way is to pass the end of a rope with a small awl 
stifle on it through the eye of the saw, and thus suspend the saw m that #! 
swings evenly balanced just in front of the emery wheel. The weight being ttol| 
carried, the operator only has lo use his hands to guide the saw against the vW. 
Where expensive machinery is scanty, and where people are slow to introduce tfc 
latest improvements, there is a steady demand for saw-gumming wheels U41 i* 
in diameter. Where the latest improvements are quickly added, regardless of jm 
nearly all the emery wheels used for saw gumming are 12-8 in,, none of the msciuas 
specially designed for saw gumming being intended to carry anything above a 12-it 
wheel. Emery wheels are unfavourably contrasted with grindstones as cauuaf *i 
heating of the saw, hut this can be obviated by using the wheel under a small 
stream of water. One advantage of a rotating steel-cutter guramer over an *n*f 
wheel is that, whereas an inexperienced hand can ruin a saw Uy case-hardeniDg wilt ** 
emery wheel, this cannot be dona with a steel cutter or lt burr gummer. 1 * M««t d tfc 
emery gammers tor circulars require that the saw shall be taken off its arbor to ^ 
gummed ; all burr gunmen work with the saw in position. (Grim&haw,) 

The order followed in renovating the cutting edge of a saw should be (I) gumiri**. 
(2) setting, (3) filing; but ns the last named is often the only land of attentigto 
saw receives, it has been described first. 

Having discussed the general principles on which the renovation of saw tertt kl 
based, snd detailed the manner in which the operation is conducted, a few 
examples may be given of the teeth of the chief kinds of saw in use (see Fig. 320), 

(1) Cross cut saws (hand) vary from 12 to 32 in. in length. Their tooth edge 
be straight or a trifle bulged in the middle. The teeth should be fully set and 
jointed, a (Fig. 320) shows the best tooth for soft wood; is better adapted for wooW 
medium hardness and for mitreing soft wood; c, for harder wood, has the back of b* 
teeth tiled square. For cutting Umber, tbe tectu aiu X&z^i, hut 



Carpentry— Enspiug Tools. 


221 


the Bet beings increased with the wetness of the wood. The long crosa^eut 
B toothed os at i (Fig. 320), the cutting edge of the saw being appreciably 
the middle and gradually tapering towards each eud; the bevel shown hi 
soft or wet wood, and must be lessened for harder or drier material, 
a an American hook tooth, which is based on the principle that the while the 
or knives cut into the wood, the hook teeth remove the “ dust." These saws 
' and cut rapidly. The rake of a cross-cut saw is at the aide. It takta less 
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than the cross-cut. The cross-cut requires finer end more particular filing 
> or web 6aw, and cannot be considered well filed unless a needle will travel 
sgular groove which is formed by the line of alternating points of teeth seen 
filed saws. Whets the teeth are bo regularly formed that a needle will travel 
end in the angular groove, and the points are sharp und keen, the saw will 
in the wood that will have a fiat bottom. The last teeth of crosa-outs may 
at th® points, to prevent tearing the wood when entering und leaving, Van fcvA. 
k-saws are shown at d and t (Fig. 320); the former suite 
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the latter is for harder wood and for mitreing. The thinness of the Made of tbs Ih’ 
saw is compensated for by the extra back, which must be kept tightly in place. 

(3) The fleam tooth is illustrated at / (Fig. 320). It is only adapted far wgF 

clean soft wood, which it cuts rapidly and smoothly. It has no set, and is filed vUtiF 
lying quite flat. C 

(4) Buck-saws are represented at g and h (Fig. 820), the former being for fteff.l' 

soft wood, and the latter for dry or hard. F 

(5) Web, scroll, and compass saws are best provided with teeth as shown at l(fyF 
320), for whilst they have to perform both ripping and cross-cutting, a tooth adapted fra 
the latter will perform the former operation, though more Blowly, but the convene nfcl 
does not hold good. Finer teeth will be necessary for hard wood. The backs of all asl 
of this class are made very thin, to avoid the necessity for giving a set to the teeth I 

(6) The rip-saw, for cutting wood longitudinally, requires an essentially difiM I 

tooth from the cross-cut. For a vertical mill-saw, the best form of tooth is that ihon I 
at m (Fig. 320), the edge of each tooth being spread out by means of the crotoh-poDokl 
An inferior-shaped tooth is seen at n, the setting being on one side of the tooth only, I 
taking opposite sides in succession, o illustrates the best form of tooth for a hand rip I 
saw, the action being precisely like that of a mortice ohisel. The rake of a ripavnl 
in front. It takes more inclination than a cross-cut. The points of the teeth should tel 
trued with a straight-edge, as, in general experience, a rip-saw does more work, wiki 
greater ease, straight, than when either rounding or hollow on the cutting edge; mil 
good workmen, however, prefer rip-saws slightly hollow, not more than J in. in tte I 
length of the blade. The hand rip-saw is usually a few inches longer than the cm I 
cut, but has far fower teeth. Rip-saws are often given too little rake and gullet Tte I 
first 6 or 8 in. at the point of a hand rip-saw may have cross-cut pitch, to allowrfI 
cutting through knots without having to change the saw for a cross-cut. s 

(7) Circular-saw teeth generally have greater space, angle, and set than the teeth rf I 
straight b&wb. They should be filed on the under side; widely spaced, very hooking I 
and with plenty of gullet to let out the chips. Teeth of circular saws can he ganged to I 
exact shape by having a piece of sheet steel cut out to fit. Absolute likeness in il I 
respects can be controlled by having a piece of sheet metal cut to the required outliw I 
and attached to an arm forming a radius of a circle from the shaft carrying the nw. I 
Three light filings are preferable to one heavy. The shape of under-cut teeth is sptto I 
be altered in filing. The flaring sides of M teeth require special files. When a tooth I 
is broken so as to be only slightly short, it can often be brought out to line by usingtte I 
crotch-swage as a lever while hammering upon it. The saw should always be tUesd I 
to run free for a few minutes before removing it from the shaft Circular saws sUdd I 
always be either hung up in a free perpendicular position, or laid quite flat Fig. 8® I 
shows a series of circular-saw teeth of varying shape and rake. The softer the wrt I 
the greater rake admissible. In some cases (6, c) the back rake tends to redoes tte I 
acuteness, e is recommended for ripping hard wood in winter; c, for hard wood fe I 
summer; g, for all kinds of wood in summer; 6, c, for harder woods than when no tei I 
rake is given; /, with a rounded gullet, 2 in. long for soft wood, 1) in. for hard; k,«i> J 
k, n, are forms of ripping teeth little used in soft wood; l is popular in Europe; » to* 4 
cross-cutting tooth, very liable to break on a knot in frosty weather. The question rf 
few or many teeth in a circular rip-saw depends almost entirely upon the character d 
timber being ripped; and the feed per revolution should be made dependent upon tte 
strength of the teeth to resist breaking, and the capeoity of the gullet to hold tte 
cuttings. In a cross-cut, the conditions are different. To straighten a circular av.g* 1 
a hard-wood block 12 in. by 12 in.; bed it on end on the ground (not floor); round tte 
top off with J in. rise; n&il up a joist at the back of the block, for the saw to reit <*i 
let its face be an inch below the top of the block. Use & 3 or 4 lb. blacksmiths* husa* 

for saw a over 50 in.; a lighter one fox emaHet and WAunet YtaAaa. 'Eve Vax^s mm, tte 
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t edg* should b© about ^ in. thick, 20 in. long, 3J in* wide in centre, 1 in. at 
he edge of the straight side chamfered or rounded off. Balance the saw on a 
1* and apply the straight-edge; mark the high places with chalk: have a helper 
l the saw on the block, and hammer on the hump*, testing frequently. 


haw.) 


en a saw is not round* the defect nny be corrected by adopting the following 
ms : Take a piece of grind stone or a cobblestone and hold it against the points of 
th while the saw is revolving, and thus reduce or wear down the mnst prominent 



or m piece of red chalk may bo held against the points, which will mark them iu 
ion as they are long or short, when the long teeth are reduced by filing. Circular 
metimea burst from what appear as unknown c iuses. There can be no doubt 
faw docs fly in pieces that a thorough investigation would trace the occurrence 
■f the following causes: (1) Square corners at bottom of tooth: (2) Out of round, 
e hacks higher than the points, so that instead of cutting, they scrape the dust 
the back ; (3) Undue strain put upon the saw by the plate rubbing against the 
causing it to heat, which takes the life out of a saw. In a recent report of the 
Society fur Preventing Accidents from Machines, a recommendation is made for 
I'Uuwtf of the use of circular saws in workshops where practicable. The following 
rpmsnu for this recommendation: (1) Circular saws are dangerous to workmen ; 
f require more power than other saws: (3) they cut a broader line* and are 
entJf more wnstoful. The speed of circular saws varies with the size, npproxi- 
as follows;—3 in. dram,. 4500 rev. per minute; 12 in., 3000; Id in,, 2200; 20 in.. 
The speed for eios*-cutting can be increased with advantage 1000 ft. beyond 
*ed for ripping* say to 10*000 ft. per minute. Never cut stuff that measures 
m 4 the diameter of the saw. The manner in which a circular saw \& 
di to do with lira speed at which it mn be run, and often fku w «aM 








224 


Carpentry— Rasping Tools. 


limber and u runs," it is the fault of the hammering instead of the speed. WtaM - 
on the periphery, it will not stand speed, and beoomes weaker and bends mo nmMf _ 
when in motion than when it is still; on the contrary, if it is properly h unn a t aU r 
little tight, as it is termed, on the periphery, it becomes more rigid when in do tin f - 
to a certain limit The theory of this is that the steel is elastic, and is stretched lyfe *- 
centrifugal strain in proportion to the speed, which is greatest on the line of t r. 
diminishes to the centre. If saws evince a tendency to spring and a want of rip^ = 
have them re Hammered at once, before changing the speed in an endeavour to RMty t 
the defect 

(8) The band-saw is never used for cross-catting, except when catting seril-wt 
and may generally be treated as a rip-saw. It requires special regularity in dapad 
set of teeth to prevent it from breaking and from running into the work In oris to r- 
set it up, or join the 2 ends together, the 2 tongues are introduced amultaaMufyUl - 
the 2 corresponding openings, and the ends of the saw are pressed together latemflyll 
such a manner as to cause the snogs on the tongues to engage with or hook oitoftt 
bevelled edges in the openings, and the thin ends of the tongues then lie in the tody ■- 
recesses in the sides of the saw. When the parts are in this position, the 2 eztnaito 
of the saw cannot be separated either by a considerable strain in the direction of to t 
length or by a diminution of the tension. To disconnect the ends of the saw,iepdl 
tho hooked and bevelled edges by applying lateral pressure, and at the same timed* 
the ends apart in opposite directions. The junction of the 2 extremities is effected If 
means of a hook or interlocking joint. A portion of the saw near each extremity! 
reduced in thickness in such a manner that, when the ends are laid together, that* 
combined do not exceed the thickness of the remaining part of the saw. Partial dl 
the back and front of the extreme ends are also cut away, so as to leave narrow tog* I 
at each extremity of the saw, and these tongues arc provided on opposite sides rehtiuty 1 
to each other with snugs or hooks. In the thin portions at the extremities of the** ] 
there are formed, at equal distances from the tongues, 2 longitudinal slits or opening 
presenting bevelled or inclined surfaces at the edges nearest the ends of the mw,ooofr 
sponding exactly to the snugs on the tongues. The opposite edge of each opening» 
also bevelled or inclined, but at a much more acute angle, so as to form a recess to tto 
side of the saw for the reception of the extreme end of the corresponding tongue, which 
is suitably reduced in thickness towards the extremity, in order to enable it to be v4 
within the said recess. Where gas is used for lighting purposes, it is often employe! 
for brazing band-saws, and nearly in every case where this is done, the blade of them* 
operated upon deteriorates, and breakages gradually increase. As these breakage to 
not recur exactly at the joint, no blame is attached to the use of gas, and the cawed 
continual failures is rarely discovered. A gas flame not only scales steel deeply, but al* 
destroys its nature by burning the carbon out, and this occurs especially at the edged 
the flame. Band-saws brazed by gas almost invariably break again at a point MM 
little distance from the previous fracture, at the point where the outer edge of theflew 
has damaged the metal. The only really satisfactory way of repairing is to mtei 
thick, heavy pair of tongs bright red-hot, and clamp the joint with them. The lad 
melts the spelter instantly, and makes a good joint without scaling or damaging <k 
steel. 

For a joint which has to stand constant heavy strains and bending, it is bettfl 
to use an alloy of equal jmrts of coin-silver and copper, melted together and rolled (to 
thin. This alloy never burns, cannot be overheated, and makes first-rate joints, whid 
will stand hammering and bending to almost any extent. The working actum of) 
hand-saw is, generally speaking, similar to the working action of a circular saw,—as 
tinuous. “ Owing chiefly to the thinness of the gauge, the small area of the blade wide! 
operates ou the wood at one time, and tho constant cooling actum which is going on, a 
the saw passes thiough tho air, a com^ntuttvoVj heat is engendered 
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the *aw therefor© can be mu at a considerable speed without detriment. On machine© 
in which the saw-wheel* or© of small diameter, say below 36 in., and where the arc ot 

t ***njt*ct of the saw on the wheels is necessarily more acute, the speed of the saw-blade 
ebouJii not much exceed 4500 ft per minute for ell ordinary kinds of sawing. With 
-wheels above 36 in. diameter, thb speed may safely be increased up to 6000 ft. pef 

r ti it mi t«*; Ibis is, however, on the supposition that the top wheel ts of the lightest eon- 
■trtw*t)oa T and is mounted elastically, Le, hue a spring or other adjustment to allow for 
l, w t'Xfanrdoa and contraction of the saw-bin de. There is no advantage in running bnnd- 
beyond 6000 ft. per minute, as the risk of breakage is increased without affording 
*ny f'orjasj ion ding gain. In sawing hard woods, the speed should be reduced, Tho 
^wnd-«ifr may be said to have a blade of superior thinness, capable of tension in varying 
moving in right linos through the material at a speed that is almost unlimited and 
4 «sattd that of circular saws, operating by machinery consisting only of rotating parts 
%r »‘l of the most simple eonstrnction, the sawdust all carried down through the timber 
•hd offering no obstruction in following lines and peculiar adaptation to curved lines. 

*"The speed of sawing, or the cost of sawing, which is much the same thing as the 
two*eraent of the teeth, k with the band-saw almost unlimited. Its performance, con* 
'footed with Jig-saws for cutting plain sweeps or scroll*work, shows a gain of time or 
"A of 3 to l, with the important advantage of being easier to operate, ami much more 
t^pulitr with workmen. The greatest objLCtion to a band-saw is that it cannot be Ui^ed 
cutting inside work. Some workmen saw clean through the stuff to get at the inside, 

^ the nature of the work will admit of such treatment without weakening or injuring 
I H** design. Strips of the same kind of wood as the design are firmly glued into the 
^v-kerfo when the work is completed. Of course, this method of reaching inside cut* 
J ran only be adopted where the design is not intended to bear any strain. Many 

'k&ritea have been suggested fur separating and joining band-saws, but most of them nro 
l *tradable or Impracticable. One, however, enables the operator to separate the saw, 
il through a hole bored in the wood and join it again, in less time than it takes tu 
^tronnect the blade of a jig-saw, pass it through the wood and connect it again to the 
^•sMnery. This arrangement gives the band-saw an important advantage over the 
iti its own special province, as it renders it possible for much thicker material 
be sawn than could be done with the jig-saw, and the work will be better done in 
Vm, time ■ (M, Powis Bale, M.I.M.E., A.M.LC.E.) 

(3) ** The jig-saw or reciprocating Faw is a blade arranged to work upright by means 
<>f a crank in a table. One is shown in Fig. 322, p. 226. In setting up a jig-saw, choose 
t&e most solid part in the building, over a post, pier, or timber ; if on a ground floor, it 
%bcmld be set on solid masonry or piles. If obliged to put the aaw on an upper floor, 
a counter-balance equal to three-fourths the weight of Lhe movable parts; this will 
threw the vibration on a horizontal plane. When a jig-saw is set on solid masonry, no 
^DUtiTer-bfLljiDC© b required, os it is better to let the vibration fall vertically on the 
Wtifwmiry. It is not wise to drive jig-saws a too high a speed, as the wear and tear of 
the machinery will more than balance the gain in speed of sawing: BOO shakes per 
minute is about the correct pace. The speed of the feed may be varied according to tli© 
Bat ore of the wood being sawn, For very hard wood, a feed of 6 in. per minute is 
suitable, whilst for very soft wood as much ns 30 in. may be cut in the same time; it is 
m gremt mistake, however, to force the feed, as the sawdust has not time to escape, and 
tic «vri become choked and buckled,and run out of line.* (M, Fowls Bale, M.I.31 E,, 
JLILLCE.) 

(10) A mwiiig table for using either a jig-saw or * circular saw may conclude this 
tociion. An example is shown in Fig, 322. Th© table consists of 1^-in. planed plank 
«, about 3 ft by 2 ft., of beech or good deal, supported on 4 kgs h. 2 or B it*. square, tied 
fey a framing c to which the plank is screwed. From the centre of the WeW of Viue 
rcsew a wooden pillar d 9 2j ft. high md measuring 3 in. by 2* met Vised Into V\v<i \jata\fe 
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and farther held and strengthened by screw-bolts and a T-iron brace, or carried I 
floor, or to a longitudinal brace (not shown) joining the 2 back legs near the groom 
strong rubber door-spring / attached to a screwed eye in the arm e pulls the saw g 
each stroke. The lower end of the saw g may be attached directly to the creak 
treadle /», giving only 1 stroke of the saw for each revolution of the fly-wheel t; 
obtain several stiokis for each revolution, the saw is attached by a hook and ban 
smaller crank and axle worked by a strap from the fly-wheel, and the saw is i 


332 . 



same time made to work vertically by passing the band over a pulley under tl 
exactly in line with the upper end of the saw, before taking it to the crank. F 
ing down the work whilst sawing, and simultaneously acting as a bearer to keep 
engaged in its work, a convenient arrangement is to have a block of hard wood 
alit in the front edge l carried by an iion rod m fitting into the hole n in the ar 
adjustable by screw-nuts. The fly-wheel may be 18 in. diam. with a heavy rim, 
main crank 1J-2 in., giving a 3-in. stroke. For working a small circular i 
wooden poppets o p are u.-ed, o being tenoned into a square hole in the table, v 
free to slide in a groove. The circular saw and its pulley work in the 
respectively in the table. 

Fig. 323 shows a home-made fret-saw, having a capacity ranging from ^-in 
stuff. The 2 uprights a are of spruce, and measure 7 ft. high and 4 in. sq.; 
mortised at foot into stout planks b screwed down to the workshop floor, and at t 
beam c, 0 ft. long , 4 in. wide, and 3 \u. thick. TV\o between the uj 
3ft 6 in. in the clear. The inner frame d, Va of ^ \u. vv&a asAVm.’ 
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e pieces being composed of 2 lengths of 1-in. stuff, glued ami screwed together 
grain reversed. The spring e at the top of the frame is made of 3 pieces of 
. thick* planed down to l in. at each extremity; a bolt and nut attaches tho 
the frame, and short lengths of chain or rope connect it with the Baw-fmmo d. 
die / is hinged to the floor at the lower end. and suspended by straps jj from 
e At the upper end. The table & for carrying the work, and through which the 



S®, is supported by 2 strip of batten screwed to the outer frame, and measures 
1 and li in. wide. The saw is set up in the usual manner. Obviously tho 
m may be altered to suit any parttenlar need. 

Principles.—A hie is a steil instrument having the surface covered with 
£ed furrows or teeth, used for abrading or smoothing substances, chiefly wood 
Js, A file proper differs from a roi-p, in having the furrows made by straight 
laced by a chisel or a sand blast), either single or eroded, while the rasp has 
igl® teeth raised by the pyramidal end of a triangular punch. The effective 
the flh 1 resembles that ol the saw, represented by & wedge not encumbered by 
on of one of the fiicea. The angle of the faces of the wedge is formed by the 
of the ipplied power and a tangent to the teeth. The diagonal position of tho 
>f the die gives an additional shearing wedge power. 

s.—Examples of the cutting faces of filea and ra*ps 12 in. long are shown in 
'V«d illustrations; the cuts of longer and shoikr &:ze& vary in proportion. 
fr-335 are float cut; Figs. 324-322, double cut; and Figs. 3?£3V\,<saX. 
is rough: 325, middle,- 328, bastard.- 327, second cut; 328, tmooVn; 

33ft rough i 33J, middle ; 332, has Card ; 333. smooth : 334. dead imoolhv 





























228 


Carpentry— Rasping Tools. 




324 . 



Rout; L. 
nat. 



Second Gut 


32S. 



Middle* 

339 * 



Smooth* 



Dead Smooth. 


am 



Rough* 


331 . 



New Gut 


333 . 



Second Cut 


334 . 



Smooth* 








Middle* 






Horae* 
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i ; hOrBe; 337, rough ; 338, middle ; 333, bastard; 340, second cut; 34I t 


ng.—Irj using a file care should be taken that it ia applied evenly to the work, or 


t of wearing it away rapidly in one spot When a file loses iia catting 
» resharpened. 



jpctniDg,—Until recently this was done by matting the grooves in machines 
I to that class of work, but lately the sand blast has been most successfully 



Second Cut. 


Smooth, 


Bastard. 


1 to the purpose. The operator holds the files which have to be sharpened, one at 
, in a long gas-pipo handle, into the end of which has been driven a ping of wood ; 
* ia not held still, but la moved to and fro, resting upon a slip of gun metal, the 
ing also occasionally turned over. The slip not only forms a rest, but as the 
or moves the file backward and forward ujioa it he learns when the file has 
d m good cutting state. As far as the sharpening is concerned, this is the 
operation. It will be easily understood that a little practice is necessary to 
* m,Tti to make the best job of a file. In Fig. 342, a b ere sections of file teeth. 
*• the form of the teeth as they come from the file cutter or machine. From this 
1 be seen dint the upper part of the 

ia turned backward somewhat, and the ^ 

rather weak. The effect of the sand 
is to remove this bent-over or rounded 
nd to take off the tops of the extra high 



The form then is as shown ut b, 
be sex peeled th at the sand would 
ia point nr fine edge of the teeth, but 
h mot the case, for smooth fil^s are 
vet! ns much as those of the coarser 



ptfcrns. The sand used is exceedingly --—"- 

and is the waste material resulting 

he grinding of plate glass. It is so fine ns to be like smooth, clean mud, and it 
remarkable that this will do the work. In the ordinary way, cleaning files after 
irdening and tempering processes is a dirty, laborious operation. They have to be 
<1 with brushes and sand by hand, then put into lime-water, and dried. By one 
mm, only about 3 dox. per hour can be cleaned. It is an accident of the sand- 
rmieewi that it cleans the files m well as sharpens them. As they pass from the 
■last hand they go to a boy, who pa&es them under a jet of hot water, which cleans 
j J sludge, and* ihe file being then hot, it dries of itself* Before the u*eof the hot* 
jet, o no man used to be employed in brushing the dried sauil mud out of the files 
onst of one man for each machine and 6s. per week for brushes. Now a lad does 
mth one machine, 14-in. files may be sharpened at the rate of—fiat bastard, 5-8 
ir hour; second eat, 10-12 d ox.; smooth, 12-15 dox.; half round bastard, 4-6 
ditto second out, 8-9 doc., and so on. The apparatus h now being;nsen\ a 
j ah&rprj? worn filet/, which it does at a very low coat, Thert; it uivjUjc* 
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spoken of as being employed in French dockyards, consisting in pickling the files in tt 
acid bath (dilute sulphuric and nitric acids, 1 part of each in 7 of water) for 45 minuta, 
after a washing with hot alkaline water; but it is not explained how the action of the 
acid is prevented from exerting the chief degree of erosion upon the exposed angle* rf 
the file face, instead of in the hollows where it is wanted to act 

Edge-tools. —This section comprises chisels and gouges, planes, and misoeUa&cNi 
smoothing tools (e. g. spokeshaves), as well as the means adopted for keeping up* fan 
cutting edge (grindstones, oilstones). 

Chisels and Gouges. Principles.—The chisel in its simplest form constitutes * ifiei 
of an axe, but as the impact is not from the motion of the chisel, but from that of * snog : 
mallet or hammer, the eye of the axe is replaced by a contrivance for receiving the Mff.: 
When the element of thrust enters, then the chisel is passing into the “ plane iron.* ftr j 
applying the chisel, 2 contrivances are in general use. One is to put a tang ontheiuhl 
of the chisel, and to let this be driven into a handle so shaped at the extremity ss fe 
receive the blow of a mallet. A very few blows would soon drive the handle 
and so the tang end would then project through the handle and receive the Mon 
To avert this a shoulder is forged, where the tang is supposed to end, and the cfaisd 
proper to begin. When the blows have been repeated, so that the handle rests upas 
the tang shoulder, then the handle is “ home,” and the tool completed. In tnrnerf 
chisels where mallets are not used, the shouldered tang is not required. A suitable 
handle being selected, a ferule is loosely put on it, and a hole is bored down the 
handle a little shallower than the length of the tang, and widened at the month 
so as to show a square, the sides of which are just shorter than those of the tang 
under the ferule—now, enter the chisel-taug, and let it be pleased in by the hand 
until it is so retained by friction, that by pointing the chisel edge down war Is, the 
metal does not fall out. The operation of fixing the handle may now be said to com¬ 
mence. The line of the handle and blade is then inclined at about an angle of 45° to 
the horizon. A blow with a mallet iB struck at the end of the handle; the iodiaotiu 
remaining the same, the tool is turned round on its longitudinal axis, say, £ rotation, 
another blow given ; the operation of turning and striking being continued until the 
feruled end of the handle and tang meet. As to the effects of a blow upon the end of 
a handle, there being no apparent resistance, this takes place: The velocity of impart w 
communicated to the handle and chisel. Now the greatest effort is required to can* 
the first motion, so here u high velocity in the mallet has to be divided between a 
supported tool and itself. What is sometimes called “inertia” has to be overcome ia 
the act of this transference of velocity through the length of the handle and chiad; 
that portion which offers the least resistance will be the first to move. No velocityaa 
be communicated to a body at rest without what is usually called resistance. The 
friction between the tang and the handle is so adjusted by the preliminary formation of 
the hole, that the resistance from friction is less than the resistance from inertia ; hence 
the gradual approach of the ferule and the flange. Now as to the turning in the band 
about the axial line. The wooden handle is held in the left hand, therefore the effect 

gravity upon it is neutralized. Not so with the chisel; gravity produces its fall effect 
upon this. Consequently some part or other of the hole becomes a fulcrum, the cutting 
end of the chisel is drawn downwards by gravity, and therefore the tang end is pointed 
upwards. Continued impact in thiB position would place tho chisel oblique to the&ii* 
of the handle; tho turning is to avert this. Again, it was said that the depth of the 
hole should be less than the length of the tang. The reason is this : the end of the 
hole is of greater diameter than the end of the tang; if, therefore, the tang does not 
enter and fix itself in the wood, there may be unsteadiness in the chisel. Assuming tin j 
instrument to be under the oj>eration of repeated blows, the effect of these will be find 
expended upon the end of the wooden handle, and then transmitted to the cutting edf i 
Unices provision be made, the destruction ot tiio cud ol tiic wicafasn handle will M 
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I* To tl.minifib as much as possible liabilities to such a result, the end of the 
is farmed as a portion of a. sphere. Further, the impact blow U modified it! 
it «et, which is of wood, with a curvilinear face i thus these 2 wooden surfaces* 
ft re-aet upon each other. The yielding elasticity of the wood also gives to the 
nd so transmits to the work a different effect to that which would take place 
handle and chisel were of iron. Another way of fixing the tool in the handle 
A?e a long tubular top to the tool, into which a wotsden bundle is driven. Thin 
enable for heavy work, as the repealed blows only tend io condense the fibre of 
lodcn handle and increase its firmness in the ahaok; but as it adds much to 
of I he complete tool, it is not adapted for ordinary coses. (Higg.) Much 
■nee is caused by the tendency oF the butt end of the chisel handle to split 
the effects of repeated blows front the mallet. A remedy suggested for this m 
off the round end, leaving it quite flat, and on this to nail 2 round dUcs of 
Ather to form a pad for receiving the blows. When the leather has expanded 
eniently it can be he trimmed round with a knife. 

rms.—Forms of chisels and gouges are shown iti the annexed illustrations. The 
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S4T. 
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1 ) 

ire between a chisel and a gouge is that the former bus a straight cutting 
bile the latter is mini or lev curved. Fig. 313 is a common poring chvftcA\ 
4, a socket mortice cbiatd; Fig. 345* a common mortice chiae\ ; a. 

chisel with bey el h! edges ; Fig. 34 7, a common gouge in its WuS\&‘, 
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a long thin paring gouge, cannelled inside. Mortice chisels range in width from 
1 in., the sizes increasing in. at a time; paring chisels advance £ in. at a tin 
| in. to 2 in. wide; gouges have a similar range, in addition to which they az 
with 8 different degrees of curve, as shown in Fig. 849, and known respectively 
very flat, B or flat, C, D or middle, E, F or scribing, G or half fluting, H or fluti 
the figure, all are 1-in. size. 

Using.—The chisel cannot be used satisfactorily over a surface wider than ft 
though the gouge was devised to excel it in this respect, there is still a tend* 
this tool to follow the leadings of the fibres of the wood rather than cut throng 
at a very slight obliquity. The only guidanoe the tool receives is from the 
the workman, hence everything depends upon the degree 
of his skill. The impossibility of ensuring the amount 
and direction of the out given by the ehisel was the 
main incentive to introducing its modified forms the 
spokeshave and the plane, which will be discussed pre¬ 
sently. In paring, the chisel is held in the right hand 
and applied with a thrusting motion without the aid of 
a mallet, the left hand being employed to hold the 
wood, and always kept well in rear of the tool to avoid 
accidents in case of the tool slipping. The wood to be 
operated upon should be held securely and in such a 
manner that if the tool goes beyond it or misses a cut 
it will neither damage its own edge nor meet with 
anything that will be injured by it, such as the surface 
of the bench. In paring horizontally or lengthwise 
with the fibres of the wood, the forefinger should be 
extended along the tang of the tool; but in paring 
vertically across the grain, all the fingers should firmly 
grasp the handle. When cutting mortices and tenons, 
the chisel is tightly held in the left hand while the right 
wields the mallet for giving effect to the cutting tool. 

To make a close joint, it is very necessary that the edges 
cut by the chisel (as well as those cut by the saw) shall 
i e perfectly square and flat. This can only be attained 
by observing the correct way of applying the chisel-edge 
to the work. If the flat side of the chisel bo held 
against the shoulder that is to be cut away, the chisel will “ draw in if the 
side is against the shoulder, the contrary effect will be obtained. This is Ulus' 
Fig. 350. If the chisel is held as at b or d, just (and barely) allowed to cut, il 
as a paring tool; but its tendency will be found to follow the dotted line be, s* 
not checked, it will “ undercut ” the shoulder. When held as at a, its ten 
in the opposite direction, when the sloping end can be rectified without spoi 
work. The same care is needed in cutting a mortice (Fig. 351). Let the m 
carefully marked on both sides, but cut right through from one side only ; the 
are that it will be found to have been cut too long on the farther side of the si 
the drawing in of the chisel. The section will be as at a, Fig. 351. Of cour 
fore, the safe plan when a mortice must be cut only from one side is to cut it i 
6, and to pare it back carefully at the finish. Whenever possible, however, i 
should be cut from both sides—half through from each; but the same tendency 
prevails, the result being shown in c, and here the faulty work will not be visit 
least when the tenon is in its place. The joint will appear quite close-fitting \ 
but it is evident that it will have little atten^h, the component parts arc 
Contact just at the 2 surfaces the rest heln^ quite hohov*. The heat \r 
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! 'tl« U sbtrwn at d. It should be commenced by rotting out wedge-slmped chips 
*5thu middle, cutting each aide by turn a, and it will be found in many cu&ou easier to 
% out the main part of the chips with the bevel of the chisel downwards. Each 
P » thus heaved by preying on the bevel a& the fulcrum, and the mortice is 
■haliy lengthened each way. After the main part of the wood has been removed* 
hick of the chisel is med next the shoulders, as already stated, care being taken, as 
work approaches completion, that the hole is not undercut, but that the mortice 


350 . 


351 * 



n finished shall have 4 perfectly fiat walls, the sides as free as possible from loose 
s* 

Another cause of failure in making a clean tight joint is the bruising of the fibres 
the surface of the board at the end of tho mortice by using n blunt chisel* It is 
□ly avoided by commencing in the middle, as just explained, and using a keen chisel 
nigh with. Certainly the work may be passed over ugain after the mortice is cut, 
this is not always allowed for in squaring up the piece originally. In soft wood, 
cklly when the fibres are loosely compacted, they will bruise and start up con - 
Fifthly if struck with a blunt tool, and often come completely away, leaving a 
■essiun that cannot be effaced without deeply planing the surface* Stray tacks, 
•m and inequalities in the surface of the bench will also produce bad results. 

Ibc gouge is used and held in the same 

us a paring chisel. When driven by w*- 

si let it should always have a perpeu- 

lar position, 

Ipoke&lm Th e drawing knife. Fig. 
is pmo.doll]y a 2-handed chisel, which 
only be used by drawing it towards 
operator. Beyond its greater effeetiye 
ice it is no improvement upon Ihe 
sL A deatre to govern the depth of 
performed by the chisel led to the adoption of a tool called a spokeshavo, in which 
long blade of the drawing knife is retained, tke deplh of the cut being determined by 
icnrnesi of the edge to a parallel wooden handle* Thia tool may be used in both 
r herns, towards and from the workman* But owing to the position of 
m power. rU. the LhjhU, and the tendency of resistance by the wotW \jo Vom. 




























234 


Carpentry— Edge-Tools. 

whole tool in tie hand, it is not of general utility. When, however, the cumins rf , 
surface varies, the parings to be removed are light, and the operator has oonroos l 
access, the tool is capable of doing good work, and possesses some advantages owi4 
plane. (Bigg.) Besides the original simple long-bladed spokeshave, this tool is M 
mode with cutters of varying forms, for chamfering, rabbeting, and other purposes, Wj ^ 
then often termed a “router,” especially by the American makers who have intndm * 
the novelties. 

Planes. —Principles.—The plane, in its simplest form, consists of a chisel mbM . 
at an angle into a box, generally of wood, and with the cutting edge projecting tbqj 
the bottom of the box. If the actions of a workman be noted as he is smooiH| 
wood with a chisel alone, it will be seen that be holds the bevel edge on the wood, d 
so elevates or lowers the handle as to secure a proper and efficient cut Thai k ~ 
advances the tool in a line at right angles to its cross section. If now, instead of tte !" 
continuing to hold the tool, the chisel was so fixed in a movable piece of wood -Hi' 
at the same angle as the workman required, then if the mouth were broad enoogk. d .. 
the instrument were propelled along the wood, a shaving would be removed very mfe 
the same as that obtained from the chisd alone. In the arrangement thus sketched^ .. 
workman would be relieved from the care needed to keep the tool at a constant 1. 
with the surface of the timber. There iB, however, a fixity of tool here, sod at ~ 
sequently an optional or needful adjustment called for by any varying condition of li ^ 
problem cannot be had. When ojieruted upon by hind alone, if an obstacle folk _ 
progress of the tool is presented, as, for instance, a twist or curl in the fibre or grand 
the plank—the presence of a knot—then the workman by hand can adjust the hadk r 
and so vary the inclination of the cutting edge as the circumstances of the ctsezeqn* , 
Not so if the tool is securely fixed iu & box as described. Whilst therefore one gain hi 
been had. one loss has been encountered. Observe the defects of the primitive pta* 
as hitherto described, and note what hopeful elements it contains. 

The front of the sole of the box will clearly prevent the penetration of the eoewd 
chisel into the wood, because it cannot now be drawn to follow the fibre should it led ; 
inwards. Suppose, however, that in the progress of the work such a place has be* r 
reached as would have so drawn the chisel inwards: either the strength of the indnwiag 
fibre will be so great that the workman will be unable to propel the tool, or, if nottki 
imjxMled, he must by extra effort separate the fibre and so release the tool Tt* ~ 
sqmration, however, may not be by the process of cutting, but by that of tearing, 
shavings so torn off will have left their marks in the ronghnesses which attend tbeteunf 
asunder of fibrous woods. Thus the tool will defeat the very purpose for which it * 
designed. To obviate the difficulty described has exercised much ingenuity, andkdti 
more than one contrivance in planes as generally used. 

The causes which so forcibly draw, or tend to draw, the tool downwards betovlk 
surface of the timber are the hand of the workman and the tenacity of the fibre, If A* 
tenacity iB greater than the power, the workman must stop. That the tool 
follow the direction of the fibre is clear, because the front part of the wooden sole ffbiA 
the penetration, but that it may be brought to a standstill, or must tear off the fibRi* 
also very clear. The mechanician has therefore to consider how to defeat 
tendencies which, as now sketched, result from a collision between the indrftVfll 
strength of the fibre and the power of the man to cross-cut the fibre by the tool, of d* 
to tear it asunder and leave the surface rough. Since the tool, as now contrived, 
efficiently cross-cut the resisting fibre, and since that fibre has to be removed, Ai 
object must be either to prevent such an accumulation of fibres as will stop the plop* 
of the tool, or to destroy the fibre piecemeal as it is operative for hindrance. Bdk 
plans have been adopted. A consideration of the former may prove introdactoiy fcAl 
latter, which apjxars in almost all attempts to perfect this tool and its •pH - I 
contrivances. 
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kfi tli<* tool progresses, and the fibres become more and more impeding* it will lie 
r that & portion of this impediment result* from a condensutiou of the fibre in the 
ill of the wooden box* The more numerous Ihe fibres admitted here, the greater 
be the oondenntiom This state of affairs can be partially obviated by a narrowing 
'*« mouth of the plane; such an act of course requires tint the introduced chisel 
ild enter less deeply into the timber being operated upun, Although thus abated* 
cause k not removed, arid even if so hu abated as to prove no real impediment to the 
kmafi, yet the quantity of material removed on each occasion will be so small that 
tnjl become* one for finishing work only* and not for those various operations to 
ch its present powers enable artisans to apply it To be the useful tool it is* the 
ith must not be so narrowed* nor the inserted chisel ho withdrawn, that the shaving 
bus the thinnest possible. This led to a contrivance now almost univmul, that of 
dring the fibre so soon us it ia separated from the piece of timber* The designer 
n» to have considered that as soon as a short length of shaving had been removed, 
rould be well to destroy the continuity of the fibre, and ho prevent an Accumulative 
stance from this cause. Hence, instead of allowing the cut-off fibres to slide up the 
ried chisel, he bent them forward, in fact, cracked them, and so broke the cumulative 
■Awing force of them* This he accomplished by the use of what is now called the 
**k iron/' and from henceforth the boxed-in chisel loses its identity, and must be 
trded as part of an independent tool. 

fbe tool thus bnilt up is called a plane. Throe forms are in general use in English 
called the ** jack." the " trying, 11 and the * smoothing ” plane* These are on 
bench nf all workers in smooth straight surface wood. Although externally alike 
? pt in size, they are yet used for different purposes, and each has a specialty in its 
struction* These specialties may now be considered. 

Forms,—After the wood has pushed from the sawyer into the bauds of the carpenter, 
surface undergoes those operutinn* which render it true and smooth These 3 planes 
hii work. The ‘‘jack/* usually about 15 in. long, and the trying " plane, ranging 
1 I § to 24 in, long, but, in exceptional cases, far exceeding these dimensions, are lo 
nml appearances alike; indeed, some regard the di fie rent handles as the only did- 
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'ion between thoia, and that these bandies show which must lie used for rough 
t and which for smooth (see Fig* 355 as an example of the handle of a 4 * jack- 
Lp,** and Fig, 356 os an example of "trying-plane” handle). This is an err.ir* 
re are other differences, but the main and leading one is the different form given to 

•to of the cutting iron, 

f the iron of the "jack” plane be looked at from the front end of the plane* the 
i of tire edge will be carved, as in Fig* 353 ; but the iron of the “ trying" plane U 
ght, ms in Fig* 334* Upon the curvature of the edge depends the efficient action of 

•jack/* 

iudlcieni bus been said of the tendency of Ihe fibre to draw the tool downwards; 
it must not be forgotteu that the same adhesion of fibre to fibre takes place be- 
u the surface fibres ug amongst those below the surface* For the purpose of 
rating the surface connected fibres, the jock Iron is convex. Note its action, 
convex sharp edge Is pushed along a horizontal pknk, penaUnVm^ to w£to\VCk 
mined hr the projection nf each vert ed section below lUe onto of VUs T \toi 
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ends of this convex edge are actually within the box of the plane, consequently 
ways) all the fibres are separated by outtin'g, and are therefore smooth and not ton 
The effect of this upon the entire surface is to change the surface from the origN 
section to a section irregularly corrugated. The surface after using the u jtsk" if 
ploughed, as it were, with a series of valleys and separating hillocks, the valleys Mig 



arcs from the convexity of the tool and the separating hillocks being the intersection of 
these arcs. All traces of the tearing action of the saw have been removed, and fton • 
roughened but level surface a change has been made to a smooth but in cross-section is 
undulating one. 

The mechanician’s next object is to remove these lines of separation between the 
valleys. For this the trying-plane is required. The trying-plane is longer than to 



jack, because the sole of the plane which is level is, so fur as its size goes, the counts 
part of that which the surface of the wood is to be ; further, the trying-plane should l 
broader than the jack, because its object is to remove the hillocks and not to interfa 
with the wood below the bottoms of the valleys. If its action passes below the bottffl 
of the furrows, then occasion arises for cutting the side connection of the fibres, si 
however a workman may sharpen the edge of his trying-plane for this purpose, he in a 
respect has destroyed one object of the plane, because, so soon as the iron penetrsi 
below the surface, then does the effect of the jack action begin to reappear, and tl 
cutting edge should pass from the shape shown iu Fig. 354 to the shape in Fig. 39 
The result of the trying-plane following the jack is to remove all the elevations of wo 
above the valleys the jack left; and, secondly, to compensate by its great length for ai 
want of lineal truth consequent upon the depth of bite of the jack. Again, the men 
of the trying-plane is much narrower than that of the jack ; hence the shavings remo* 
are finer, therefore the slope of the iron, or its inclination to the wood may be less th 
is the iron of the “ jack ”—hence the line of cut is more nearly accordant with th 
of the fibre, and by bo much the surface is left more smooth from the trying-plane to 
from the jack, as there is more cutting and less tearing action than in the jack. T 
reasoning hitherto pursued in reference to the purpose of this sequence of a jack * 
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^qg-plane might and does legitimately produce the conclusion that, after the trying* 
to*# done its duty, the work is as perfectly finished as it can be. Custom, and 
**-otier considerations, have established that after the long trying-plane must 
i»lto¥ short and almost single-handed smoothing-plane (Pig, 357), So far as the 
*8 iron of the smootbingqikneis concerned, there is no difference between it 
***iksont used in the trying-plane: each (as across the plane) is straight, the comers 
***% nr slightly curved, but only so much as to ensure that they do not project 




toe tine of the cutting edge. It would seem that, whilst the trying-plane 
^cTtlled down all the elevations left by the jack, and brought the surface of the 
a counterpart to that of the plane, there might be in the fibre, or grain of 
thy wood, twists, curls, and other irregularities which, whilst levelled, were yet left 
in oonsequcnde of the direction in which the cutting edge cam© upon them, In- 
thin cutting eJge, in a long plane, which must advance in the direction of its 
wngth, muid at times' come across a largo number of surfaces where the fibre is in 
Opposite directions, Thk consequenee is that there will he various degrees of smoothness; 
%r good work these mut&be brought to uniformity. This is effected by passing a short- 
wled plane over the respective parts of the surface in such directions as observation may 
Bchcate, Hence the Bmoottljflg'pkoe is of use chiefly to compensate for euoh changes 
o th© direction of the fibreaMtf the wood as the greater length of the trying-plane 
©aid not conveniently deal 1 

The plane shown in Fig. 355 Claimed to possess some ad vantages over the ordinary 
ick-plane, in that it gives a control frver the thickness of the shaving and depth of the 
wi by the pressure of the hand, ana^preveuta th© drag of the bit on the board when 
ie plane is drawn back. The stock o?“|be plane is made in two parts, the upper 
cirtion A, which bolds the bit* being pivotetMo the lower part B at the rear end by a 
h rew C passing through metallic guide pkl^D on each side the plane. The front 
id of the upper portion is raised from the lowifr portion by means of a spring E, 
when the pressure of the baud on the front of the plane is withdrawn, lifts the 
portion together with the bit or plane iron. The amount of this movement is 
ed by the Ihumb-screw F, 

Tho M rabbet * or “ rebate " plane, Fig. 358, differs from the preceding examples in thst 
© cutter reache# to the edge of the wooden block, so as to enable the smoothing operu- 
p, n to bo carried right into the corner of work* It is employed in making window 
ime? and similar articles in which a recess (termed a ** rebate * or i4 rabbet ") has to 
* cut for the insertion of some other material, as, for instance, a pane of glass. The 
f u r ha# not of necessity a square edge, but may be shaped like the examples shown 
Figa, H53, 3+1®, which are tanned “skew," ‘♦round, 11 and “hollow" rabbet-irons 
ipectively. 

Another form of simple plane is tho 1 * plough," intended for cutting a deep groove 
otig the edge of a board for the purpose of inserting in it a corresponding “tongue" 
ft* the edge of another board to be joined to it* The tongue may be formed by using 
c rabbet-plane along each side of the board edge ■ but il is more convenient to employ 
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u match ” planes, which are made in pairs, one catting the plough and the other 4 
tongue. Their cutters are shown in Fig. 861. 

The stop-chamfer plane, sold by Booth, Dublin, for 4s., is a very useful tool for flMf 



361 . 



f 

Fig. 362. The box of the plane is made in much the same way as that of ordinary piano 
and the iron is inserted and held in place in the same manner. The point of diffcrew 
is that a A-shaped channel is cut along the sole of the plane, the sides of the chantt 
being at right angles to one another, and at an angle of^'45° with the sole of the plane 
meeting in a point in a line drawn perpendicular to the sole, 
and exactly up the centre of the end of the plane. Thus the 3 * 3 . 

sides ac be of the groove are at right angles to each other, and 
at an angle of 45° to de, the sole of the plane and they meet 
in c, a point in /gr, which is perpendicular to de, and drawn 
exactly up the centre of the end of the plane, as shown. 

Tl.e depth of the iron, which is indicated by the shaded part 
of the figure, is regulated to suit tho width of the chamfer 
that it is proposed to make. 

The preceding include all the kinds of plane in most 
general use; but it is obvious that the tame principle may 
be applied to almost any form of cutter. Hence a great 
variety of tools, known as “ moulding ” and “ filletstering ” or 
“ fibster ” planes, *have been introduced, whose cutters consist 
of combinations of chisel and gouge edges. These are em¬ 
ployed for cutting mouldings and beads of numerous designs, 
which are familiar to every one who ha 9 observed the edge of 
skirting boards in rooms, the panels of doors, or the sash- 
frames of windows. The great bulk of this class of work, however, is now perform 
by rotating cutters worked by steam power, and such beads and mouldings, of • 
desired pattern, can be procured better at the manufactory than they caa be mads 
Land. 
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Adjiitting,—Reference lias already been made (p 2S.11 to the aeeon.l iron introduced 
> the plane for the purple of curling up ami breaking off the shaving produced by 
cutter* The arrangement of the 2 irutia is shown [ n Fig, 363, a being the cutter, and 
e back or break-tron, the two being uni led by a screw-nut and bolt e* The united 
a are fiiak-ned in a hole in the stock of the plane by means of a wooden wedge, and 
Ijuated that they traverse the stock and project very slightly through a narrow slit 
no aule provided for that purpose. The angle ordinarily formed between the sole 
the irons is one of 45°, but this is reduced to 85° by the head of the cutter. In 
sting the plane to its work, 2 considerations have to be borne in mind; (1) the 
e® to which the cutter projects beyond the sole, and (2) the distance between the 
43 of the cutter a and breaker b. In regulating tho position of the double iron, 
lahon to the sole, it will seldom be necessary to 
t a blow of the hammer to either the top or sides 
« wedge or irons; by taking the plane in the 
band so that the palm of the hand coveis the 
where I he shavings come out, a gentle tap with 
immer nr mallet can be administered to either end of the stock of the plane; 
Will effect the purpose, A blow given in this way evert suffices to loosen tbo double 
enough to permit its complete withdrawal, when it is necessary to sharpen its cutting 
. An occasional tide tup may be needed, to make the iron set eqware with the 
The relations of the edges of the cutter and breaker can be altered by unscrewing 
ftut c that unites the 2 plates, a long slot being provided in h with that object The 
inee between the edges of the 2 irons varies from about | in. for the coarsest 
hing down work to ^ in* f >r smoothing, the breaker being placed of course that 
ft above the cutter* The higher the breaker, the easier the plane works; the lower 
the cleaner the cut. It is necessary to caution the operator against wedging up his 
B» too tightly, as such a procedure will cause the cutting iron to assume a curved 
and prevent smooth work being done. Care must be also taken that the pm* 
m of the enitiug edge beyond the sole of ihe plane be perfectly square with 
sole, and level in itself; in fact it is belter that the corners be rounded off* to 
rn% the possibility of their catching. Many of the planes of modern pattern 
Bade either self-adjusting or so that their adjustment is very easily and accurately 
mod* 

■iug.—Wood to bo planed should bo laid quite flat on the bench, and tight against 
top'* to prevent its moving* The planing must always follow the direction of the 
i of the wood, and never raett it or cross it* If a piece of wood should exhibit the 
running in different directions in different portions of its surface, the piece mmd be 
d about acoordiiigly so that the plane may always go with Ihe grain* The sole of 
plane is necessarily subjected to a considerable degree of wear, which ultimately 
us it nodose for all but the roughestwoik* Thi&eflVct cun be much reduced in Iho 
■>f a wholly wooden stock, by occasionally oiling the surface. A more enduring hut 
costly method is to shoe the solo with metal, or hi have a metallic stock, as most of 
lew American planes have. As the sole (wooden) wears, it must be periodically 
d up true again* 

he Riel bod of applying the jack-plane is as follows* The right band grasps the 
Je or **taa!,**tha forefinger being extended along the wedge ; tl e left hand partially 
dea the front pert of the plane with the thumb turned inwards* Tins hying* 
is also held eimilnrly for u facing up" but in applying the force of the arms 
in this difference, that while with the jack-plane the pressure of the hands should 
lifnrro throughout the atroke, with the trying-plane the chief procure thould come 
the Jeff baud for the first half of the fitioke and from the right fur the last bait 
4 ah othig" work, the trying-plane is held differently, the Vna 

erring as a *ort of gauge for keeping the plane on the narrow eAge o\ X’he 


M3. 
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being worked. The smoothing-plane i a hold by the right band clutching it behind tlsl 
knife (there k no handle) and the left grasping its front end with the left thumb ft ti? V 
and pressing it down. The rabbeting plane k also called a Blister m ftlletster, ft*I 
provided with a “ screw stop ” and a 11 knee " for the purpose of limiting the mug* 4 '» 1 
cut in both width and depth. The small grooving iron in front of Urn plane popi I 
should extend a little beyond it, with the object of detaching the wood eidewifi 
the plane has to remove a a having down wards; thus the angle is cut out perfectly dit I 
The plough, in many respects closely resembles the filister. Indeed the bitter 
ho extemporised out of a plough by adopting the following suggestion put fomulk | 
Ellis Davidson. Supposing a (Fig, 364) to represent the plane looking at Jim fatal I 
and h a board in the edge of which it is required to cut a rebate $ in, w ide and j* I 
deep; a strip of these dimensions Las literally to be pLined away, and the piano 
therefore not travel homontully farther on the surface of the board 
than | in., nor vertically sink deeper than J in. The plane with which 
the work is to be done is l| in. wide. Plane up a strip of wood c to 
the width of 1 in, (the thickness will not be any consideration), and 
screw it at right angles to another piece d, thus forming the letter L« 

This forms a case which will, when planed and fastened to the side 
of the plane by a couple of screws, shut off I in, of the width of the 
sole, allowing it to encroach upon the surfaco of the hfrtrd to the 
extent of J in. only ; a mere strip e screwed on the other side at | in, 
from the sole, will prevent the plane sinking deeper than is required. 

On no account should the guide be screwed to the sole of the plane, 
which should always be kept perfectly smooth, the surface uninjured 
by screw holes. Kor k it necessary to damage the sides of the plana 
by mure than 2 small screw holes, for the same side^piece d may be penasawfM 
used, the width of the atrip e being altered according to circumstance#; ft®d 
width of e can also be regulated, either by planing a portion off below the 
the rebate is to be deeper, or moving the screws lower down in the strip if it a * I 
be shallower, taking care that the holes correspond with those in the sided* 11 *! 
plane, and that the strips do not cover the apertures through which the shavings 
escape. 

Sharpening .— The sharpening of the cutting edges of planes and chisels is pttfaud 1 
primarily on a grindstone or its equivalent an emery grinder, and secondarily on I 
stone. 

Grindstones.—The implement known os a grindstone consist# of a wheel of sonclsW I 
mounted on a revolving ask in a trough capable of containing water, its ordinary h* I 
being sufficiently familiar to dispense with illustration. There is probably no malms* 1 I 
in the machine shop or factory which pays better for the care bestowed upon it thtf ti* 1 
grindstone; and considering that nearly every tool, and all edge tools, require itbtN# 1 
they can bo used to advantage, or in fact at all, it is somewhat surprising that n*® I 
attention has not been bestowed on the proper selection of the grit for the purpow^ I 
which it is intended. As grindstones are almost constantly in use, their first code<f E 
little consequence if the quality k calculated to do the work in the shortest E 

in the most perfect manner, us more time can be lost on a poor grind stone, badly Inf I 
and out of order, than will puy for a good one every 3 months. This state ot thiv* I 
should not continue, ns with the great improvements made in the manner of bangingI 
and the endless variety of grits to select from, every mechanic should have a gritufck* I 
which will not only do its work perfectly, bat iu the shortest time, Tbk can be 1 
plished by sending a small sample of the grit wanted to the dealer to *U*t 1 
Grindstones a to frequently injured through tbe carelessness of those having thru* I 
churga. The grindstone, from being exposed to the sun's rays, becomes so hard si I 
worthies^ nud the frame goes to piece* from V\ve same c&ttrta-, \\ 'wttitas* a #oft pl*o ® I 
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»*r*l by A part of it being allowed to stand in water overnight, and the difficulty 
l from this cause increases with every revolution of the stone ; but as this homely 
oent is in charge of all the men in the shop in general, and no one in particular, 
i the workmen are all toe busy to rane it down, double the time is consumed in 
fectly grinding a tool than would be required to do it perfectly if the atone were 
a order by some one, whose business it would be to attend to keeping all the 
dunes of the establishment in order. The wages of a man for this duty would be 
in the time and perfection with which the numerous tools could bo kept m order 
•rk, 

commonly grindstones are made to turn by hand, and necessitate the services 
assistant. It is much better to have one that may be driven by the foot of 
erator, with u bundle to attach for a second workman to turn it when necessary, 
the needs of the workshop will admit of it, the best plan is to have a large grind- 
(fay 2 ft, dinm. or more) for heavy work, and a smaller one (say 9 in, diutu,) 
le of being filed to the end of the carpenters' bench and driven by foot 
for lighter work. The stone should never be used dry, and with thin 
a trough is provided for containing water; but the stone must not under any 
uft&ncca be rill owed to remain immersed in the water when not in use, con so- 
y the water must be drawn oil through a bung-hole, or a bingo attached to ihe 
i for lowering it away from the stone, or a prop introduced for supporting the stone 
reach of the water, A sponge held against the revolving stone by a small rack is 
for preventing the water travelling round with the stone and wetting the handle 
tool and the handi and clothes of the operator. An absolutely essential quality 
grindstone is a true level face. This may be partially secured by distributing the 
over the whole breadth of its surface, so as to wear it away equally all over; but 
care in this respect will not suffice to keep it even enough for some tools, and then 
,t be reduced by meaua of a steel tool wider than itself* Fig, 3<J5 illustrates an 



can device (sold by Churchills, Finsbury) for keeping the faco of the grind- 
vimUtitly true whi le at work, without interfering with the uaesf the atone or raising 
UL The main stand or bottom piece a is securely clamped upon the trough close 
faro of this stone; then by turning the handwheel b, the threaded roll c is brought 
intact with the face of the stone, and allowed to remain so long as it is accessory 
luco the desired mult. The water is left in the trough aa usual. WWsy 
of the roil c is worn it cau be rocuC, The price of one of these implement* *w\VA 
£-m. *tvnc U SJ, J3fc The fooi to he ground should be livid t,W stoww \n 
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such a way that the bevel or slope of the rutting edge lies fiat on the stone, 
handle maintains a horizontal position. The atone should revolve toward* the 
i a against the edge. Usually the trough of the grindstone has high end* c 
means of supporting the tool during the grinding. Such meana may take the: 
bevelled block to support the blade, or a notched rest to hold the bundle? in ell 
securing that the grinding is dune at the correct angle. Fig. 366 shows afttf 
for resting the tool, and ensuring its being ground at the desired angle. The pi 
a is held by a clamp screw h in I he frame e, while the wheel d revolves on Ifae stoi 
steadies the whole. This rest is sold by Churchills. Fmsbmy, for ]«. 6d, Tto 
of angle or bevel given to the edge varies with different tools and with the f. 
different workmen. In the caae of a plane iron it must always be more oruk 1 1 
angle formed by the sole of the plane and its mouth. The bevel produced on lit 
stone should not be quite flat nor rounding (bulging) but rather hollow?*! out 
naturally following from the circular form of the grinding surface of the & 
varying of course with the size of the stone. Many workmen object to the un 
form of rest for the tool during grinding, as tending to produce a hollow edgiM 
tiling desired by another class. Gouges are best held across the stone* m other* 
a re apt to score the surface of the stone. In grinding the jack-plane iron, tto 
edge should be somewhat round, so that the shaving taken off is thicker in ti 
than at the edges. The trying iron is ako slightly round* but so slight that it h 
noticeable. The smoothing iron should be a straight line on the catting cdjps i 
corners very slightly rounded, hut on no account should the edge he enmd. 
ever so little, These Irons are all ground on the back only—that is, the bevel u 
bevel or ground jiurt is about i in, across. If too long, the iron when working i 
jump. 

Oilstones,—These are or several kinds, the best known being the Charnby 
Turkey* Arkansas* and Washita brands. They are sold in pieces of otmveniinl 
about If, 6d, to 2s. a lb„ and smaller slips for gouges at 4*. a lb. They can to 1 
ready cased, but if bought without a case, they should not tong remain so, mi 
then easily broken nnd exposed to dust and other evils. The casing may be ocean 
in the following manner. Supposing the atone to be 9 in. long* 2 In. broad, OBtS 1 i 
get 2 pieces of clean, straight, hard wood* 1 in. longer and wider than the 
| in. thick. Plane one aide of each piece flat, so that they will lie closely topi I 
one of the pieces, place the stone, keeping uppermost the side of it which you 
no©. Draw a line all round the wood close to the stone, when you will have * 
outside Ihe line of t in. With the brace and centre bit iu, or } in.) bom all 
portion within the line J in. deep, then with a sharp chisel (| in. or 1 in,) cm 
the dmw point line all round, clearing out nil within to } in. deep, and old 
bottom of this hollow box level throughout. If it is pared square down at t) 
the atone will slip into it; take care to put it iu the same way ss a hen you ji 
drew it. When the stone is bottomed, £ in, will project above the wood, imd 1 
is to receive the top or cover. The atone is plneed upon the second piece of w> 
is to make the cover, and drawn in the same way ; and this piece has to lie h 
cleared out in the came way to fully $ in. deep, It must have a smoother fin m 
than the under piece; and must bo pared a little without the draw*point line, w 
cover will slip on to the stone cosily, but without shaking. The atone being wi 
case is planed on the edges and ends, by catching it in the ben oh vice. The \ 
may be rounded as well as the edge of the cover, and a *4n. bead may V n 
the cover where It joins the under part. (Cabe.) The oilstone will always v 
in the middle, becoming hollow In both length and breadth. This may w 
much for sharpening jack-plane irons, oa the roundness thereby commune 
corners of the cutting edge is rather an advantage. But when the hollow is v 
degree that it is inconvenient, the surface mutt he tovdtocL This mnv be efl 
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dung it m a (Ut sandstone or grindstone, or by an emery slab, prepared by scattering 
cry powder on slips of wood previously well glued to bold it, and leaving for 21 
tm to dn\ The v^ry beat oil for use on the alone lb either sperm or neatfa foot, but 
b ia often replaced by olive (salad) oil or by petroleum. In applying the tool, its 
'el edge is rubbed to and fro on the stone, great care being necessary to ensure that 
1 tool U held at exactly the same angle throughout the whole length of its travel 
ik wards and forwards. That is to say, the natural tendency of the tool to lie flatter 
it advances farther away from the operator's body must bo compensated for by raising 
9 band digbtly as it goes forward and lowering it as it returns. Square the elbows, 

baud and arms have freedom, grasp the tool above with the right hand bo as to 
ug the fintrers underneath it, and let the fingers of the left lie together, and 
night upon the upper bide, their ends tolerably near the edge of the tool, the thumb 
»g underneath. The tool will be thus held firmly, and also under control. Hultz- 
pfel gives a way the reverse of this- He says the first finger only of the right hand 
*aJd be held above, and the thumb and rest of the fingers below, the left hand grasp- 
r the right, with the finger above the tool and the thumb below. It is probably in a 
*ut measure a question of habit. Apply the ground side of the iron to the atone, and 
* bickwurd* and forwards nearly the whole length of the stone. Hold the iron 
^ fitly more upright than at the grindstone, so that the extreme cutting edge 
y may come In contact with the oiUtone. After 5 or 6 rubs on the bevel, turn the 
rt ever and give it l or 2 light rubs when lying quite flat on the stone. This double 
oration is repeated till a keenly sharp edge is obtained. If the irons are newly ground, 

•y little setting is needed, hut as they are dulled or blunted when working, a fresh 
ge has to be brought up on the oilstone; this sharpening may go on for 20 or 30 
before the irons require re-grinding. A blunt iron, looked at on the bevel title, 
^euta a whitish rounded or worn appearance, and the sharpening has to be continued 
til tliis white worn edge disappears, which is also ascertained by touching the edge 
fitly with the thumb. When an iron ta sharpened or set, a very fine 11 wire edge 11 
Hams along fho edge; this is removed by a dexterous sinpping backwards and for* 
irds on the palm of the band, and is the same in effect as finbhiug the setting of a 
by stropping on a piece of leather, Gouges and bead-planes arc generally set 
th s stood slip, several being necessary for the various bead and other moulding 

The slips arc usually about G in. long, 2 in, broad, and J in, to h in. thick, with th« 
rounded to fit the irons to be set. The cutting part of a bead-plane iron is a little 
frailer than the corresponding curve in the stock of the plane, the difference being the 
dcfcnws of the ihkvLog taken off. When the bon has been set a number of times 
ith the dip, the rurve has n tendency to get wider, and consequently is soon as wide 
i the curve in the stock. The iron will nut then take off a shaving of equal thickness 
uroughmit the whole curve, but tbickist in the middle, so the iron must \*e reground 
»d set anew by the plane-maker, who has very thin round-edged grinds tones for the 
rrpomi. The same thing occurs with moat other moulding planes. In setting with the 
ip, the hoi tow part is continually getting wider, and the round part which is set on 
i« ordinary oiUtone is getting smaller. From these causes, the moulding gets out of 
'opnrtkm, and the iron dot a not fit the stock with a cutting edge evt-n throughout its 
bote breadth, and will not turn a good shaving as before. The tool-maker must re-grind 
.* iron a hen in this condition. (Cabe.) 

Forms. Circular phme.^AH the forms of plane hitherto eoimdered 
ire been prori<tod with a guide principle which shall repeat a straight level surface, 
jc guide may, however, be the counterpart of any required surface. The American 
juatabl* circular plane shown in Fig. 3fi7 has nn elastic steel sole, which, by means of 
jlasting screws, enables the workman readily to convert a Btraight-fete.4 \n.Vo wan 
ii«r concave or convex. It also possesses an advantage in the mode ol ram* 
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viz. by a cam action. Often in ordinary planes the wood splits when the bolding fedglj 
binds on the box. 

Bounder.—Wheeler's rounder is shown in Fig. 868. It is a very useful tool for p 
ducing a smooth and even surface on a cylindrical-shaped article, such as abroomhtndl^| 
a is the cutting edge, and 6 the handles by which it is made to revolve round the wood.I 
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Box scraper.—Fig. 3G9 illustrates an adjustable box scraper, made of malleable ii<* 
with 2-in. steel cutters, and costing 2s. 6d. 

Veneer scraper.—An adjustable veneer scraper is represented in Fig. 370. Itsprirt I 
with a 3-in. cutter is 12s. 6d., extra cutters costing Is. 3d. each. The two latter took) 
may be obtained of Churchills, Finsbury, or Melhuish, Fetter Lane. 

Mitre-plane.—The Rogers mitre-plane. Fig. 371, is made entirely of iron, wd* 
arranged for planing any desired angle on straight or 
curved work. The main bed-piece is semicircular in 
form, with a way or frame at its rear on which the 
plane runs. The upper or movable bed-plate is in 
quadraut form, having, at right angles, sides which 
act as guides for the material to bo planed, and 
revolving on a pivot a at the end, enabling the 
user to form the desired angle for straight work, and 
place it in its proper position against the face of the 
plane. When the quadrant or movable bed-plate is 
in the centre of the main bed-piece, its Bide eleva¬ 
tions form an exact mitre, so that no change is 
required in planing the ends of parts for frames of 
4 sides. In the sides of the quadrant are 2 adjust¬ 
able guides or rest9 kept in position by set-screws d. 
is to enuble one to finish the ends or angles on curved work with exacts** kj 
preparing pieces for circular or oval work, frames, pulleys, emery wheels, cut®!* 
patterns, &c„ it is necessary to plane the ends of the various segments at varjiif 
angles. Iu planing these, the point of the quadrant near the plane and the adjoibdi 
guides form the rests required for accurate work. The quadraut is kept in pod**: 
at any angle desired by pressing the catch c down into the notches prepared for ^ 
or by the tbumb-screw 6, aud can be used in connection with the arms or golds 
desired. It is sold by Churchills, Finsbury, at prices varying from 90s. for the 
size, to 135s. for the 4-in. 

Combination Fj listers.—Miller’s combination, Fig. 372, embraces the ooW* 
carpenters’ plough, an adjustable filletster, and a perfect matching-plane. The sad* 
assortment can be kept iu smaller space, or ma&e more sea ardintfjI 


370 . 
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plough. With each plough, $ bits (J, i, ^ And | iti*V are famished; 
ngumg tool (£-in*) 4 and by the us© of the latter, together with a J-in. plough 
grooving, a perfect matching-plane is made. A metallic bed-piece, with 14-in* 
i it* can be Attached to the Btock of the tool by means of 2 screws passing 
the slota in the base-piece of the stock. Over this bed-piece the gauge, or 



ill move backward or forward, and when secured to the bars by the thumb* 
ill constitute an adjustable fllletster of any width required. The upright gauge 
ha* k of the stock ts adjusted by a thumbscrew likewise, and regulates the 
r the use of tho fitletater, ns for all the other tools embraced in the combi* 
Churchills sell it at 37f. 6d. 

!'■ adjust able dodo, sold by the same firm at 29*. Gd. t is shown in Fig. 373. 



iU of 2 sections—a main stock with 2 bars or arms; and a sliding section, 
ti bottom, or face, level with that of the main stock. It ©an be used as a 
any required width, by inserting the bit into the main stock, and bringing 
ig section up to the edge of the bit The 2 spurn, one oh each section of the plane, 
s be brought exactly In front of tile edges of the bit. The gauge ou tho 
jetion will regulate the depth to which the toot will cut. By attaching the gua^d* 
rhr< sliding section, the toed may be readily converted into a pVra^Kn. 
tckiag'Va/ra—as explained in the printed iustructiona wkicii m V>V 
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The tool it accompanied by 8 plough bits i> A> 4> t’ ]• tad 1} in.). tlllleMf 
cutter, and a tonguing tool. All these bits are secured in the main stock oa a dcnr. 

Iron plaues.—The Bailey aud Stanley iron planes with improved sdj iahw l i 
(Churchills) are largely replacing wooden planes. 

Boring tools.— These comprise awls, gimlets, augers, bits and braces, and diflk 
AwU .—The simplest form of boring tool is the awl or bradawl as it is more geoenty 
called. Fig. 874. It consists of a piece of small steel rod, with one end fastened ill 
wooden handle, and the other doubly bevelled to a sharp edge, which serves the pupa 
of compressing and displacing the fibres of the wood so fa to form a hole vitki 
producing any chips or dust from the wood operated on. Its greatest drawback ufti 
readiness with which the awl proper may be pulled out of its handle in withdnifaf 
the tool from the hole it has made, especially in the case of card woods. Superior ufc 
arc, however, made to overcome this fault, the handle being hollow and eontamnf i 
selection of awls of different sizes, each fastening into the handle by means of a ~ 
nut. The use of the awl is to prepare holes for the admission of nails and screm. L " 
Gimlets .—The gimlet is an offspring of the awl, and of more recent origin. Ik 
gimlet of the Greeks had the cross-head or handle of the style now prevalent It *k *. 
had possibly a hollow pod, as the earliest specimens found ore of that type, but ■ 
screw-point, and it demanded a large expenditure of muscle, especially in boring kd 



woods, where it was not very effective. Later, a gimlet of square section, having W 
corners and tapering to a sharp point, was introduced, and gave the hint for a ton* ^ 
auger now in use. In course of time, the screw point was added, and the holtofffd 
gimlet, with a point of this kiud, was the only Bort in use for many centuries, h 
England, this was called a “ wimble.” This form is still in use to some ext®t» 
is effective where very shallow holes only are to be bond, but as it has tobeie*** 
whenever the pod becomes full of chips from boring, it causes a waste of time uki J 
deeper holes are desired. The twisted or spiral form of gimlet, which is self-discbtff^ 
is an American invention, and only of very recent date. It has, however, supwk* 
nil other forms, and is now in common use. The field of the gimlet is becoming p*® 
narrowed, giving ground to the more rapid and ccuvauVarA Vstaaa and bit 
Work?- ) fhme giml< 19 afe ipade w\\\v vested *\van\», 
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iipe more eosily, and acme have only a gouge-shaped channel with n pointed 
r. These Ionia cut away the material as they go, the screw point only 
;ir© a hold at first, and gradually to draw the tool deeper into the work, 
r gouge-shaped are generally preferred by carpenters, as being stronger and 
fur tough work in various woods; but they are more likely Lo split the 
ially if the latter he at all thin or slight. In such cose, it is best to use 
Treasure, and to give a quick movement to the handle. Fig, 375 shows the 
form of gimlet, termed a u spike." Hg, 376 is a “ treble twist"; Fig. 377* 
tnlet; Fig. 378, a patent twist; and Fig. 379, a brewers* 
prices of awls and gimlets ran^e from Id. to <Id* each, m 


p size. An assortment U needed 

-These are only magnified gimlets fur use with both hands, 
presented in Fig* 380, a being the h twisted,” and b the 
o. A wooden bar is thrust through the eye c f and the 
*nge ends of tbU bar nt each half revolution given to the 
sizes advance £ in. at a time frotu { in. to 2 in. gu diameter, 
itDge from M. to 6s* 6d. 

Bra*?#.—The faults inherent in all forma of uwl T gimlet, 
ire that the rotation is necessarily interrupted to enable 
of the hand or hoods to bo changed, and that the pressure 
1 the tool is in most eases limited. These drawbacks 
a by the brace and its accompanying bits. The ordinary 
le is shown in Fig. 381. It consists simply of a cm ok, 
icing provided with a round head for receiving pressure 
East of the workman, the other end b recessed fur the in- 
f the bit, and the centre c rendered smooth for the appli- 
e baud that turns the whole. It will be obvious that 
ir working efficiency can be got out of the boring tool by 
ous rapid rotation and heavy pressure secured by this 
ban by the simpler forms previously described. The tools 
use with the brace (Figs* 382^394) are made fast in the end b by means of 
cw catching in the notch seen near the end of their stems. This con- 
weak point in the ordinary form of this compound too!. In the first 
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ie to which the implement is subjected has a direct tendency to wear the 
r in such a degree as to soon render it loose and incapable of holding the 
firmly; and in the second place, the square hole in the cud h to et 
11 only admit took which fit it accurately* These detents rae 
brace, which is provided with an expanding chuck that. 
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to all shapes and sizes of stems, and holds them tight and true. It is mad* m sera 
sizes and styles, the most useful being the 8-in., costing 3s. Od.; the common sock 
iron brace of the same size may be had for about Is. 6 d. Of the tools employed i 
the brace. Fig. 382 is a centre-bit, 
useful for boring large and deep holes; 

Figs. 383, 384, 385, countersinks for 
enlarging the entrances of holes when 
it is desirable to let the screw or other 
ocoupant of the hole lie completely 
beneath the surface of the wood— 
they are termed respectively “snail- 
horn” “ rose-head,” and “ flat-head,” 
from their shapes ; Fig. 386, a screw¬ 
driver; Fig. 395, a bobbin bit; Fig. 

387, a taper bit, for boring funnel- 
shaped holes; Fig. 388, a sash bit; 

Fig. 389, a shell bit; Fig. 390, a 
nose bit; Fig. 391, a spoon bit; 

Fig. 392, a square rinder; Fig. 393, 

a half-round rinder; Fig. 394, a gimlet bit; Fig. 396, a dowling bit Many ol 
forms might be mentioned, including those employed in metal working, for which 
implement is equally well adapted. 




Drills. —No. 396a drill is made of round wrought-iron, f in. in diam. The han 
are rosewood, the head malleable iron, and the chuck jaws of steel. It has change 
geare, one even and the other speeded three-to-one. The change from one to the c 
can be made in an instant The chuck will hold any shape shank—round, sqoan 
flat The stock is nickel-plated, and finished in a superior style. Price 16s. each. 

No. 3966 drill has a malleable-iron stock, japanned; rosewood handles, nickel-pi 
chuck, two speeds, gears, and Barber’s improved chuok, holding shanks of all gt 
price 12s. eaclj. 
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haml drills have cut gears, the bright parte are heavily nickel-plated, with 
*1 Head and handle* The head is hollow, and contains six drill-points. The 
is adjustable, and will hold firmly drills i in. and smaller sizes. No. 1,-11 in. 
olds drills 4 in. and smaller; price 5s, 6d. each. No, 2.—13 in, long, holds drills 
*d smaller; price 12*. each. 


40 * 1 , 



nWJaneoux— Several improved tools of recent introduction scarcely fall under uuy 
foregoing classes. They are as follows;— 

gulnr Bit Stock.—This very useful adjunct to the brace and bits is shown in Fig, 
Its object is to alter the direction of the pressure in boring (so as to permit boring 
mer), for which purpose it is placed between the brace and bit, forming their oon- 
; link. The angle at which the hole is to be bored is decided beforehand, and tins 
s properly set* the bail joint enabling the tool to turn without hindrance. It is 
■ Churchills for 8*. 6cf. 

Letter's Countersink .—The bit of this countersink. Fig. 400, \a m to ^ 
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hollow eccentric cone, thus securing a cutting edge of tmiform draft from tne 
the base of the tool, and obviating the tendency of such a tool to lead off into tl 
at its cutting edge, and to leave &u angular line where it ceases to cut It works 
well for every variety of Bcrew, 
the pitch of the cone being the 
same as the taper giveu to the 
heads of all sizes of screws, 
thereby rendering only a single 
tool necessary for every variety 
of work. It cuts rapidly, and is 
easily sharpened by drawing a 
thin file lengthways inside of the 
cutter. By fastening the gauge 
at a given point any number of 
screws may be driven so as to 
leave the heads flush with the 
surface, or at a uniform depth 
below it. The gauge can be 
easily moved or detaohed entirely, 
by means of the set-screw. 

Expansion Bit.—Clark’s ex¬ 
pansion bit, Fig. 401, is designed 
to cut holes of varying size by 
means of a shifting cutter. It is 
made in 2 sizes, one ranging from 
£ in. to 14 in., and costing 6s. 6 d. f 
and the other embracing all diameters between £ in. and 3 in., and oosting 9 1 . 
of these tools not only replaces a complete set of the ordinary kind, but enables h 



bored of all intermediate sizes. These, however, are seldom required in the gone 
Boring Machine.—Fig. 402 represents a plain and an angular boring machine, 
for heavy work, CPPtiqg respectively Ti*. wNtaraX a 
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| In*, { in,, f in,, J in,, 1 in,, 1J in P| 1} in,, Ij in,, and 2 in,, costs 42*. fid. The 
im will explain themL#eIves. 

OOTfl Tools* “The only members of this group are the familial hammer and mallet, 
lamer#*”Hammers, with and without handles, are in use; hammers of various 
§ from $ oz. to 10 lb., and from 15 lb. to 56 lb., are now employed as hnnd- 
r* The angles of attachment of handles to honda are various ; the position of the 
jf gravity of the head in reference to the line of penetration of the handle is 
; the faces have various convexities; the panes have all ranges and forms, from 
nispheric*il end of the engineer's hammer, and the sharpened end of the pick and 
>wk, to the curved sharpened end of the ndae, or the straight convex edge of the 
; and axe: the panes make ell angles with the plane in which the hammer moves, 
s as are the uses to which hammers may be directed, yet like many other handi- 
ols certain contrivances are requisite in order either to direct or give full effect 
ool itself. Art has given to the hammer head only the handle as its contribution, 
supplies other and more essential contrivances. These contrivances are mainly 
soles of the arm, although under certain drcumsUnces other muscles of the body, 
lly those about the loins, arc cal ltd into action. The weight cf the hammer head, 
i balance of the head in the handle, are the untet important considerations govern- 
suitability of the hammer to the nature ot tne work us well as to the capacity of 
rkman. The ordinary ( 4t Exeter M ) carpenter's hammer is shown in Fig. 403, consist- 
i wooden handle fastened in an oyo in the steel head by means of a wedge. Fig* 40 i 



icit common form* termed a M claw M hammer, and secured head to haft by means 
flanges. This is an inferior plan, as the elasticity of the blow is not only inter- 
•ith, but the head is liable to be loosened by using the daw for drawing nails. It 



to have 2 or S sixes for various work, costing U. to 3s. each. No hammer should 
used to strike a wooden surface, especially an article lighter 
* it mil! certainly d& wUckitf, 
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Malleti .—In these tools the steel head is replaced by a wooden one. Fig. 405 Am; 
the usual square form; there is also a round form. The former ranges from 6 in. ksf 
and 2} in. by 3} in. wide, costing 9ri., to 7 in. by 3 in. by 4 in., costing 13}d.; the latte, 
from 5 in. long and 3 in. diam., costing 7<f., to 6 in. by 4 in., costing ll)d. These kw 
hickory heads; similar tools made of lignum vitas cost nearly double. The chief wed 
the mallet is in conjunction with the chisel. 

Chopping Tools.— These comprise axes, hatohets, and adzes. They consist of a 
combination of a striking tool with a cutting tool, the ontting edge being of strong* 
form than those described in a previous section (p. 230), in order to support tk 
strain resulting from their being applied with greater foroe. The construction tf 
these tools necessitates the addition of a handle or *• helve,"* whose shape, length, 
and method of attachment to the blade have no small influenoe on the effectives rf 
the tool. 

Axes and Hatchets. —Principles. Axes are tools to be used with both hands; thf ’ 
have long handles, and may be swung as sledge hammers. Hatohets are to be vet 
with oue hand, have short handles, are much lighter and thinner than axes, andtt 
employed more in the trimming than in the hewing of timber. Both narrow and tasd 
axes are employed in forestry, the woodman’s choice being affected by the size of tk 
timber and the character of the fibre. A hatchet is handled with the centre of gravity 
nearer the cutting edge than the line of the handle; an axe, with the centre of gravity 
in the line of handle produced. When we pass from the tool and its contrived handle ti 
the mode of using, and the purpose for which it has boon constructed, we find, as a rile, 
a cutting edge formed by 2 inclined surfaces meeting at an angle, the bisecting lined 
which passes through tho middle of the metal. It is very apparent that the more aak 
this angle is, tho greater, under the same impact, will be the penetrative power of tk 
axe into the material against which it is driven. This supposition needs to be qualified, 
for suppose the material offers a great resistance to the entrance of this edge, thentk 
effect of the blow, upon the principle that action and reaction are equal, will react up* 
the edge, and tho weakest, either edge of axe or object struck, must yield. Here expert* 
once would be obliged to qualify the simple tool in which the edge was keen andacut^ 
and would naturally sacrifice the keenness and acuteness to strength. When early m# 
of the uxe are considered, it will be noticed that even in fashioning with an axe or ad* 
the same piece of wood, different conditions of edge are requisite. If the blow be gives 
in tho direction of the fibre, resistance to entrance of the edge is much less than in tk 
blow across that fibre. So great, indeed, may this difference become, that whilst then* 
seems in all respects a suitable tool, yet as the attention of the workman passes to dire* 
tions inclined to the fibre at an angle of more than 45°, he will be induced to lay it tads 
in favour of the saw. These remarks apply only to tools used in dividing materials, tod 
not to tools used in preparing surfaces of materials. This preliminary consideration 
prepares us for tiio different circumstances under which these 2 classes of tools may be i 
respectively used. And as the contrast of the effect of the same tool under different 
circumstances in the same substance is considerable, great also is likely to be the coo* 
trust between tho edges of tho tools and the manner of nsing them, e. g. the axe, which 
is tho proper tool in the direction of the fibre, is operated upon by impact, whilst a saw, 
which is the proper tool across the fibre, is operated upon by tension or thrust, bnt 
never by impact. 

Using.—The mode in which the axe is used will explain why it is unsuited forwrak 
across the fibre. Tho axe is simply a wedge, and therefore arranged to cleave, rather 
then to cut, tho wood. Now a calculation of the pressure necessary to thrust forwards 
wenge, and the impact necessary to cause the same wedge to enter the same depth, would 
explain why (regarded as a wedge only) tho handle proves an important adjunct to tk 
arm of the workman. 

The motions of tho hands on the hax\d\e et wx exe vpmkx to those of a wwfc 
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tm that of the sledge hammer. The handle of a properly handled axe ia curved* 
of a &Ledgc hammer ia straight* For present consideration this curvature may 
ru Hooked, although it plays an important part in the using of an axe with success 
If the almost unconscious motions of a workman skilled in the use of an 
lie observed, it will be noticed that whilst the hand farthest from the axo bead 
p* tlie handle at the same or nearly the same part, the other hand, or the one nearest 
be hmd* frequently moves. Let us follow these motions anti consider the effect 
arm. The axe has ju*t been brought down with a blow and entered between the 
of the wood* la this position it mny be regarded as wedged in the wood, 
* in fact by the pressure of the fibres against the sides of the axe; from this 
w it must be released, ntid this is usually done by action on or near the head. For 
purpose the workman slides his band along tho handle, and availing himself (if 
I be) of the oval form of the handle after it has passed through the eye of the 
»J T he releases die head. The instrument has now to be raised to an elevation ; for 
purpose his band remains near to the head, so causing the length of the path of 
*xnd and that of the axo bead to ho nearly the same. The effect of this is to require 
» minimum of power to be exerted by the muscles in muring the axe; whereat if 
bond hod remained near the end of the handle most distant from the head, then the 
rig of the axe bead would have been done at what is called a mechanical disad- 
Indeed, if n workman will notice the position of the hand (which does nut 
> along the handle) before and after the blow has been given, he will find that its 
fcd has been very small indeed. Reverse the problem. Take the axe head as raised 
tich an elevation as to cause the handle to be vertical (we are dealing with 
nary axes, tho handles being in the phme of the axe blade)* Now the left band is at 
extremity of the handle, the right hand is very near to the axe head—the blow is 
at to be given* The requirement in tills cose is that there should be concentrated at 
ax* hend all the force or power possible; hence to ease the descent would bens inju- 
utis as to intensify the weight of the lift. Consequently whi 1st with tho hand nearest 
.be head (as it is when the nxe reaches its highest elevation) the workman momun- 
!y fames forward the axe, availing himself of the leverage now formed by regarding 
kft bund as the fulcrum of motion, he gives an impulse, and this impelling force ia 
liaued until an involuntary consciousness assures him that the descending speed of 
axe U in excess of any velocity that muscular efforts can maintain* To permit 
rrfy to have free play, tho workman withdraws the hand nearest to the head, and 
mg it along the handle, brings it close to the left baud, which is at the extremity of 
handle; thus the head comes down upon the work with all the energy which a 
litmUian of muscular action and gravity can effect* The process is repeated by tho 
it hand sliding along the handle, and releasing as well os raising the head* 

Fortn of handle*—The form of the uxc handle deserves notice, differing as it does 
a that of the sledge hummer* In tho latter, it is round or nearly so ; in the axe, 
i nv.il, the narrow end of the oval being on the side towards the edge of the axe, and, 
than this* the longer axis of the oval increases ns the handle approaches the head, 
ut iU entrance into the head it may be double what it is at the other extremity* It 
u has also a projection at the extremity of the handle. The increasing thickness near 
lead not only gives strength where needed, as the axe is being driven in, but it also 
ipliei that for which our ancestors employed thongs, viz. assistance to the strain 
•■awury to release the blade from the cut* There is, too, this further diffhrenee^m a 
Ige hammer more or less recoil has to bn provided for, and the handle does this; in 
axe no recoil ought to take place. The entrance of the axe edge is, or ought to be, 
ricietit to retain it* and the whole of the energy resulting from muscular action and 
vity should be utilized* The curvature, too, of the handle is in marked contrast with 
straight line of the sledge hammer handle. The object of this curvature is worth's ^ 
e* In the American forester's axe, the handle id very long ami curved* \l 
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axe handle across tin finger where the head ami handle balance, the blade of IkiUll 
placed horizontal, the edge does not turn downwards: in fact, the centre of grmritj 4 
the axe head is in the horizontal straight line prolongation of the handle throafh tl 
place where the finger la Now In sledge hammer work the face is to be breagtt M 



flat, i.e. as a rule, in a horizontal plane. With the foresters’ axe, it has to be btffH 
down at varying obliquities. If the hewer’s hand had to be counteracting the uts** 
of gravity, there would be added to him very needless labour, henoe the oinofi^ 
forester in the balance of the axe-head and the curvature of the haudle. 


413 . 


414 . 


416 . 



4 4 . 



Form of cutting edge.—The form of the cutting edge as seen in the s* ^ 
the axe is often convex. The line across the face in Fig. 417 indicates the exted^ 
the steel, and the corresponding line in Fig. 407 the bevel of the cleaving edg* ® 
will be noticed that the cutting edge in each case is curved. The objeot of 
prevent not only the jar and damage which might be done by the too sudden ffcypP 
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r»pid motion of the heavy head in separating n group of fibre*, but also to 
,te that separation by allocking these fibres in succession. For, assuming the axe 
nare on its work in the direction of the fibres, a convex edge will first separate 2 
anil in to doing will have released a portion of the bond which held adjoining 
An edge thus convex, progressing at each side of the convexity which first 


41T* 



41% 41& 



the wood, facilitates the entrance of successive portions from the middle outwards, 
edge had been straight and fallen parallel to itself upon the end of the wood, 
i this preliminary preparation would have taken place; ou the contrary, in all 
Elity there would have been in some parts a progressive con- 
ion of fibres, and to that extent an increase in the difficulty of 43(h 

fc 

? equally inclined sides of the wedge-form of edge hitherto alone 
ed as belonging to axes, and the equal pressure this form ueces- 
ixcrts upon each side if a blow is given in the plane of the as©, 
t what will be the action of an axe if the angle of the wedge i* 
ected by the middle line of the metal. Assume that one face 
inclined, ami that the plane of the other is continuous to the 
hen let the blow be struck as before. It will be obvious that 
in© in the line of the fibres cannot cause any separation of 
brea, but the slope entering the wood will separate the fibres 
own side. Supposing a hatchet sharpened as previously described, and one 
r described, are to !•© applied to the same work, viz. I he cutting from a solid 
he outside irregularities—say to chop the projecting edges from a square log and 
are it for the lathe. It may be briefly stated that the hatchet described in the 



431. 



43X 



case would do the work with greater ease to the workman, and with a higher 
I tan Ibe ordinary equally inclined sides of the edge of the common hatchet Coach - 
haw touch of this class of hatebet-paring work to do, and the tool they us© is shaped 
‘ig. 41G. The edge is bevelled on one side only, and under itam \\\e \\awdVv 
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on tyre the eye, may be noticed a piece rising towards the handle. on this tin- i 
of the workman neats in order to steady the blade in its entrance into the that 
the plane of the straight part of the blade, and to counteract the kndeocji 
wedge side pressing the hatchet out of its true plane. 

The principal forma of axe and hatchet, illustrated below* are oa follows: 
406, colonial felling axe; Fig. 407, Australian felling axe; Fig 408, wheeltn 
Fig, 4Q9 t north country ship axe; Fig. 410, Dutch aide axe; Fig. 411, Brizi 
Fig, 412, brood axe; Fig. 413, Kent axe; Fig. 414. 

Scotch axe; Fig. 415, blocking axe; Fig. 416, coach- 
makers 1 axe; Fig. 417, coopers’ axe; Fig. 418, long 
felling axe; Fig. 419, common ship axe; Fig. 420, 

Kentucky wedge are ; Fig. 421* Canada hatchet; Fig, 

422, American shingling hatchet, with claw ; Fig. 423, 
shingling hatchet, with hammer head, 

Jdrci.—Tho=o whose business requires the forming 
of lengths of wood into curved shape*, and who rely 
upon the adze for the preliminary operation, use an Indian form of adze, b 
it is held so near the metal that the workman's hand touches the met* 
accomplishes blows chiefly by acting from the elbow. This very general n 
holding gives a pretty uniform length to the radius of the swing, hence li 
of the adze in the plane of the swing is nearly that of the circle described 
tingle of the handle and the adze is very much the same as that of the handle 
file-makers 1 hummer and the head* The handling of the adze, ns used by 1 
wheelwrights or shipwrights, briefly described, U the foliowitig: The workman 
with one foot upon the wood, this foot being in the line of the fibre, t 
assists in steadying (say) the felloe of a wheel. From this felloe much of the m 
which the sole of his shoe rests has to be removed. The long handle of the 
curved ; the object of this is to permit an efficient blow to be given, and the met 
brought to a stop before the handle strikes any part of the workman's body— 
mused to stop by the exhaustion of its impact energy in and amongst the fibr<?* < 
to be separated. The edge is often so keeu as to cut through a horse hair held 
end and pressed against it. This instrument is raised by both hands until near 
horizontal position, and then not simply allowed to fall, but steadily driven dow 
until the curved metal, with its broad and sharp edge, enters near to, if not he 
sole of the workman's shoe, separating a large flake of wood from the moss ; the 
is rapidly raised, ami the blows repeated. This is done with frequency, the wi 
gradually receding his foot until the end flakes of wood are separated. It i* ft* 
contemplate an error of judgment or an unsteady blow. So skilled do men 
in thus using the adze, that some will undertake, with any pre-dotermined 
in n series, to split their shoe sole in two. 

Curvature.—Clearly the adze must be sharpened from the inside; and wl 
action of it is considered, it is also clear that the curvature of the adze uv 
be circular, or nearly so, Tim true curvature of the metal may be approx 
deduced from considering the radius of the circle described by the workman 1 
and the handle of the adze. The edge of the adze is convex (Fig. 425). the 
lion in the middle being so formed for the same reasons as influenced the cu 
of the edge of the axe already alluded to. The curvature in the blade also 
(though partially) as Q fulcrum, for, by slightly thrusting the handle from hi 
workman may release such flakes of timber as arc over the adze, and yet so e 
adherent as not to require another blow. Thus the adze when applied lever- 
itUebargee its duty as the curvature in the daw of n hammer does. Fig, 4! 
gouge formed adze; u modification of this is used in making wooden spout* and 
hollow work. 


42J. 
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principal forma of adze are illustrated below. Fig. 424 it an ordinary car- 
adze ; Fig* 425, ship carpenters* adze: Fig. 426, coopers’ adze; Fig. 427* 
l wheelers* adze; Fig. 428, spout adze; Fig* 429, coopers* adze with sexagon 
430, coopers' nail adze. 

*34, 42S. 4*7, *2* 420. 430, 








*sts uiyb .—The principal accessories to a carpenters* workshop are a bench, nails 
ews, and a few trifle* which could not he conveniently placed in the preceding 
ii=b* 

A,—The essential qualities of a carpenters' bench arc that it ahull be very strong 
I to resist the sawing, planing, and other operations performed on it; also that 
ace shall be level and even. The wood must be good and sound, but not of an 


*31. 



ve kind (beech is a favourite), nor need it be planed. Excellent benches may 
based of tool dealers; on the other hand a home-made article may be quite aa 
d will cost imjcb leas. An example will be given on a future p&g,e* 

431 shows a solid bench of the so-cahod German pattern, *M Y>y MW\va\i 
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Fetter Lane, in 4 different sizes; carpenters', price SO*., length 68 ia n 
height, 33 iu ,\ trade, price 4&t., length 48 in., breadth 16| in., height SI hi,; unta^fti 
price 42#., length 40 in., breadth 1(5$ in., height 31 in.; boys*, price 37* 6d„ Wi»*| 
40 in., breadth 10J in,, height 29 in. The length is measured from a tot, imlJlil- 
wldth from 6 to c, thus deluding the projections. A description of I he "rarfieiito**B* i 
size will do for all The top rf is movable, and can be taken off the stand €. iriiirb Awn 
takes to pieces, bo that it can be packed. Two pegs in the upper mils of the iUid ft 
holes made for lb* ir reception in the under part of the bench top, and hj this asp I 
arrangement, combined with the weight of the top itself, the parts are sufficient!; mm 
Elected and rendered firm. The mortices which receive the tenons of the lcvramh.ll 
front and at the back and sides, go through the legs, and the top part of the frortwi I ^ 
back rail at either end passes over the side rails, so that the mortice Utkejcrco U*1 _ 
inside than on the outside; a tapering wedge is driven into the mortice at ea&aiildl 
both front and hack rail, which has the effect of forcing these rails down on die sn4i 41 
the side rails, and locking the whole together. When the bench is put up for wort ski 
ends of the wedges may be sawn off The massive legs to the right are tenonedkfefl 
thick piece of timber, which is further utilized as a support for the end in wtortlkl 
bench-screw works- The top of the bench presents many points in which it dificn^l 
the ordinary form in common use. The central part is a solid piece of beech, 4 iatfcil 
60£ in. long, and 16^ in. wide. To this portion all tlie surrounding parts 
It is lengthened by 2 pieces a h clamped on one at each end, also 4 m. thick, sail a I 
wide, thus bringing up the length of the bench to 68 in. The 3 parts are Wtfl 
together by an iron bar, at the left end of which is a nut whereby they are screwed up *1 
closely as possible. The p’ece a is 1.SJ in. and h 33 in. long. They project beyosiikC 
central piece at the back to the distance of 7J in.* and by inserting a boonijdkl 
thick, and another at the Ijottom, a trough G in. wide and extending the whole k#^l, 
the bench forms n useful receptacle for tools not in actual use. The fbotddffl 1 ! 
formed of a solid piece, 4 in. thick, 8 in. wide nt its widest part, and 2* in. wide il a 1 
narrowest part in which the bench-screw works, leaving an opening of fij in. bd^J, 
the edge of the front of the bench and the inner surface , of the narrow pa rt d Ik I 
shoulder. To plane the edge of a board, the screw is turned oat sufficient to 
the board and n check piece supplied with the bench* which is intended to reertff Ikl 
pressure of the end of the screw, and prevent injury to the wood to be plana! & I 
the bottom of the bench is appended a drawer t 18 in. sq,, which works by nuae^ I 
cleats in grooved L-abaped timbers, screwed to the under surface of the bench* 0*1. 
drawer pulled out a little acts as a support for Limber being planed. Along flu Wl 
edge of the bench runs a row of JO holes fc, 1| in. long by | In. wide, serving *»i*l. 
ceptacles for bench-stops/. These are used in conjunction with another in the I 
vice jaw J f and when planing a board, all that is necessary to fix It is to insert t 1 , 

stop to the left, at a suitable distance from the bench-stop in the movable piece l Uj ik I 
board between tlie 2 stops, and grip it by turning the screw m. The lienei-etcp I 

adjusted to any height likely to he required. The movable bench-vice / has I 

jecting fillet on its inner face, which works in a groove of corresponding size cut in lk 1 
central port of tho bench. This vice, which is 22 in. long in its longest, and &J in-** I 
in its narrowest pert, presents intervals of different widths between the eadsditil 1 
parts and the end of the bench at n o. These openings afford the means of grippe ft 
pieces of wood in the most convenient manner for cutting tenons, dovetails, 4c. 

Another excellent bench is that furnished by Syer, Wilson Street, Finsbury. ^ I 
termed a portable cabinet bench. It is shown in Fig; 432, and Is formed of an iron it*^* lu 
made in separate pieces bolted together, with a wooden top of sound whits M I 
traversed by 3 iron bolts r to prevent warping, and measuring 6 ft. by I ft 10 is. ^ I 
the parts are jo:aid by screw-bolts, and therefore quite rigid but easily taken apart T* I 
ordinary bench-screw is replaced by an vuatav^enua grip vice d y and the urual I 
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>* are enperaeded by a screw rising stop «. The whole costs 72«., or a smaller bI*o (tj ft. 
1 4 ft) may be had far 63* The upright piece of wood / is perforated with holes to 
*a n peg wherever it may be necessary to support a piece of board, one end of which is 
d iu the grip vice if. The space between this and the standard to the left can be 
tty filled with a nest of 5 drawers—one large at the bottom, and 2 tiers each contain- 
: 2 smaller drawers above. These chests are 22 In* long, 18 in* high, and 16 in* deep 



■i are supplied with the bench at a cost of 35*. extra. If not required* the ledges 
within the standards am be utilized as supports for boards on which large tools can be 
M when not in use* Another useful adjunct to the bench is the bench-knife h, supplied 
and consisting of a small bed-plate, having 2 pins on the under side ti drop into 
■fas made in the top of the bench to receive them, and an arm or knife for holding the 
or It firmly between itself and the bench-stop, the arm being pushed and held against 
« work by Ihe action of a smsII lever handle and cam attached to the upper surface 
the bed-plate. This plate is only 0 in. by 3J inland the weight of the entire appliance 
only 2 lb. The knife works smoothly and easily on the surface of the bench-top, and 
ver injures it by cutting into it as is frequently the case with the ordinary bench-knife, 
he row of holes t near the inner edge of the bench-top shows how provision is mode for 
iiig the bench-knife with various lengths of wood. The perforated piece/ slides back¬ 
ets and forward between the bench-top and the lower roil of the frame at pleasure, 
lie bench-stop e U a rectangular block of wood, cut and fitted to the lop of the bench 
nidi * manner that the aide nearest any piece of wood Unit is brought against it 
>po§ a little an as to bring a slightly projecting edge against I ho wood nt the top. 
lie *ctvw boa a plate at the upper end, which is let into and held with screws to the 
*t» end of the bunch-stop. It works in an internal screw, out in a projection at ttie 
dr of a small iron bow, each end of which is screwed to a block of wood attached to 
& finder dde of the bench-stop. The price of the iron fitting for bench-stop is I#. 2d. 
bench-top mode of beech instead of while dad adds 12*-15#, to the coat of the 

ach. 

In choosing a position for the bench, attention must be paid to the light, the fleer, 

■ wall, and the (pace. The light should fall immediately upon it, hence it ia best 
against the wall and under the window. The floor must be level and firm, and 
h*at made of boards. Thu wall next the bench should also be covered with match 
Elding. If sufficient firmness cannot otherwise be secured, the bench should be 
tened to the floor and wall by strong angle irons. 

BetK'b-stcps.—These necessary adjuncts to the bench consist of an arrange moot 
able of projecting above the surface of the l>ench to hold pieces ot wood. 
ring the operation of planing; Our of the simplest contrivances hi to Wve 1 at mm 
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stout screws standing up in the table of the bench itself* and easily raised or Imr* 
unit Hie thickness of the wood being operated ttpou; bat this of comae leads bMjril 
surface of the bench, A better plan is shown in Fig. 433; it is eAsily mutii painted, b 

adjusted from the top ni 
bench* and a vctj tfiA 
loosens or tighten* iU 
height desired. All 1 
are struck on tho top 
no damage malts h 
bench Emm its use* I 
mats simply of 2 wedg 
tightening against 
other in a mortice * 
their reception In the l 
top r, while d fa the piece of wood to be planed* An improvement designed to pi 
the wedges falling out when loosened is shown in Fig, 434* It ooDsiste of s i 
wood b Jet into one wedge and a slot a 
cut in the other* both (dot and slip 
running the whole width of the atop. 

Fig. 435 fa an improved iron stop* which 
is let in Bush with the top of the bench ; 
the top can be raised 2 inches* and is 
fixed or released by a quarter turn of 
the screw. 

Hold fasts.—These are intended for 
holding wood down firmly on the top 
of the bench. For securing wood edge¬ 
wise on the .table an excellent contri¬ 
vance is shown in Fig. 436. The strips 
<i b are of any hard wood, l|-2 in. 
thick, 6^9 in. long* and chamfered 
u ud emeath. These are screw ed fi rmly 
to the plank r by 3 ordinary wood 
screws, with their ends converging 
somewhat; 2 hard worn! wedges rf, 
chamfered* slide in the groove formed 
by tiie 2 fixed pieces. Their sides 
opposite the chamfered part are planed 
up true and square to the flat sides; 
between these the strip to be planed is placed on edge, and the wedges are tupped 
they grip the work between them. Tim pressure of the plane at each stroke hi 
m m . 




effect ot still further tightening the gnp of the wedge®. The work is held at sn 
of its length* so that the plane can pass over its whole surface* By a alight pull 
contrary direction, the work is loosened, and can be shifted and refixed. 

For holding work in a fiat portion, vise \a y^wervKYv *0^ v^temeni 

fra ted in Fig, 437, and termed & " vaUC 1 U totnwAnt 
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frcwa square, and bent into form* The lower end a, Is inserted in a circular bole 
‘feftugh any convenient part of tile bench 6, When it is required to bold work down 
with it, the work ii placed under the end c. A *hnrp blow is then struck with 
tatiilrt at d, which causes a to jamb slightly crosswise in the hole, and so the work 
Lutd firmly until by a alight blow at the back of d the valet is loosened. Its help is 
ifAltnbk, us It give* free use of both hands for mortising, carving, or the like; and It is 
orally an assistant in sawing* To prevent the end c leaving ugly marks or dents in 
wofi wood, a small piece of sorter wood is pi rued between it and the work It is also 
will to thicken the top of the bench at this spot by sere wing a piece of board on beneath 
Kiut still it ii apt to damage Iho bench, from the nature of the grip of the stem in the 
ho!*', A better form is shown in Fig, 438, wherein the necessary pressure on the work 
under a is obtained by means of the screw b , which meet* the elbow of the rod c and 
transfers the pressure to a through the medium of the pivot i 

Sawing-reat.—Fig* 439 represents a handy article for holding a piece oF wood on the 
Dench while using the tenon-saw. IL consbU of a strip of hard wood about 9 in. long, 


458 . 43 », 



^ in, wide, and 1 in* thick, cut with blocks at the ends as shown. In use, one cud hangs 
*>Trr the edge of the bench, and against the other end the work in hand is thrust 

Bench-vices.—Various forms of independent vice have already been described 
U*3), Those now to be mentioned differ in that they are cither attached to, or form 
I 1 **! of, the lieuoh* and are for the most part of wood. The object of Hie bench-vice is to 
Hi boards while planing tlicir edges, and pieces of timber while cutting tenons, Ac* 
’-Hie simplest substitute for a vice to hold boards for planing is a lj-in, eq. strip of 
screwed to the front of the bench about 4 in* below the top, and having 2 or 3 
'Winhacrews °r buttons distributed along its length, with wedges to fit between the 
*Hmlifcrew< and ihe wood to hold it quite tight. The ordinary wooden screw bench- 
Fig* 440, is a cumbersome arrangement, not particularly effective, and wastes 
'nuch time in adjusting. It consists of a solid wooden cheek a and a wooden screw b, 
iW letter working in a female screw cut in a block attached to one leg a of the bench 
1 ^ u secure ntaniier. The head of the screw h is perforated for the admission of a wooden 
Wdk> d by which It is rotated* The manner of using the vice is sufficiently obvious 
^ ne&i no description* One groat fault in the ordinary wooden bench-vice is that there 
uno means of mamUming parallelism between the cheek of tho vice and ttie leg of the 
kind! against which it grips, so that the screw is sure to bo strained sooner or Uter by 
bii 1 iincrtn hold it gets of the material placed in the vice. Several plans have been 
ifrriwd to overcome this drawback. That shown in Fig* 441 consists in having a 
•opplsioeolary screw a beneath the first; this screw a being fixed to the cheek fa., a.u& 
working freHy through a hole in the leg of tho bench c, on both s\4eft d 
9 m*+mU d i* ihai reguhitv i/it amount of insertion or wUUduw&V ol tha ^W&* h. 
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The evils of this plan are the trouble and time consumed in the manipulation tadi 
weakening of the bench-leg e, not only by the hole which penetrates, but also bj 
recess cut in it to receive the screw-nut «, in order to permit the jaws of the vice to 
completely closed when necessary. A simpler arrangement, which somewhat modi] 
the undesirable features just noted, is shown in Fig. 442, and oonsists in replacing I 

441 . 442 . 




second screw by a sliding bar a working in a box b fitted to the frame of the bench 
perforated at intervals with holes for the reception of an iron pin to keep it in pos 
Perhaps the least objectionable plan is the so-oalled “ St. Peter's cross,” shown in Fig 
consisting of two bars of flat iron placed crosswise, joined by a pin in the centre 
also pinned at the top, one to the cheek and the other to the bench-leg; their lower 
are free to work up and down in the recesses cut for them, and thus maintain the • 
in a perpendicular position, whatever may be its distance from the bench-leg. 

A great improvement upon all these forms of vice is the instantaneous grip 
represented in Fig. 444. The manner of manipulating it is as follows: Rais 


443 . 


444 . 



handle a to a perpendicular position with the left hand, and draw out or ole 
may be necessary, the front jaw b the required distance. Place the pieoe of w< 
be operated upon between the jaws b c, and press the front jaw b nearly close 
wood; then press down the lever, when the wood will be held firm in the vice 
remove the piece of wood, raise the lever. The grip is caused in the following mi 
On the under side of the plate d, and in the straight line that lies between the letfc 
is a plate indented with a row of Vshaped depressions inclined at a slight angle 
sides, in other words, a longitudinal strip cut out of a female screw. At the ei 
the bar g h, wbfah is held in position, and Uweia vn and % <surved t 
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fog from the under side of the plate, is a short cylinder which ia grooved along 
' up am face with screw-thread* ( the remainder befog left plain, and carrying a 
*tnd, which prevent* the progress of the screw beyond a certain point, so as not 
0 injury to any substance placed within the bite of the jaws. When the piece of 
i*ts been placed wilbfo the jaws, and the front jaw pushed nearly close to fo the 
ard turn of the lever or handle brings the threads of the male screw within the 
i of the female screw, and draws the front jaw against the wood tightly, and with 


445 . 



grip, to that it ia impossible to remove the material without injuring it, until the 
mist'd and the pleasure relaxed. The drawing action of the screw causes tho 
« of the jaws to bu brought gradually, though swiftly, to the point that is 
d to hold the material immovable within their grasp. The principal advantages 
bunch-vice are r (I) it grips and relaxes its hold instantly m any \\v 

; (2) the fMdfon and working are bu complete that a pfoca ot ox^wy ^V&v\v*r 
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paper can be scoured and held as firmly as a piece of timber; (3) it effects & BTb| 4 1 
about 75 per cent, of the time employed in working the ordinary bench-rio©; (4) if mod I 
facingii are fitted to the faces of the iron jaws, ail possibility of the indeftUteflS of tia V 
article placed in it is removed; <5) it cun be fitted to any description of bench,oat* fe 
old. The price of the vice is 14*,, or if supplied with wood facings fitted to the I 

Aa the jaws arc of iron, the vice will serve the purpose of an iron bench-rice fox tattif I 
pieces of metal, aa well as that of an ordinary bench-vice lor holding wood;*D*lto I 
placing within the jaws 2 pieces of wood of sufficient length to bold a I 

further utilized as a Haw-vice. , 

Nail *.—These are of various shapes and size*, and are made of wrought, cwt, tad 1 
malleable iron. Fig, 445 illustrates many kinds in general use: a, joiners* cut •bwJ* 1 

varying in size from f in. to 2 in- long; b, flooring brad, of larger sizes, running \$K 1 

14 lb,, 16 lb,, and 20 lb. to the 1000, and costing St,-5i. per 1000; t d» ft* 
cabinet brad, §-2 in,; e t sash glaziers 1 brad; “ brads* must be driven 

the head does not cross the grain of the wood, or they will be likely to split tL 
f it, strong and fine “clasp/' the former running 7^36 lb, to the lODO* s&4 ft* 
latter, 2-45 lb*, useful in soft woods; r, another form ; h £, flue and strong “rose/ ritV 
ilat points, the former ranging from 1 to 3£ in. long, and 2| to 13 lb. fre 

1000, the latter 5-26 lb, T also called k( patent wrought' 1 ; j, “rose" or “gate,* rift 
sharp points, 2-3 lb. per 1000, much used in coarse work; k, flat point rose, drirst 
across tho grain they do not split the wood. I , Flemish “tacks " ; tn, round “hoi*; » 
clasp “kb," o, fine “clout/* l|-71b. per 1000; p, strong “clout"; q t cotmtcTwml 
“clout"; r a, dog or brush nail; f f scupper; ti, die deck and clasp deck “bpik£a*,i 
olinker “tack **; u>, tenter hook; sc, diamond deck-spike; p, composition spike, Hflto 
should always be prepared for nails by means of a bradawl one size smaller than ft 
nail to be used. Driven across the grain they hold twice a* firmly as with it Wetting li 
nail before driving causes it to rust slightly and therefore to hold all the mote seemd; 

Nail-punch .—This is simply a piece of tapering steel, used with a hanmitf fi 
driving the heuds of nails below the surface of the wood they are in. Some 3 or 



sizes are needed to suit the various nails. The punch is held in the left hand *i 
the thumb and forefinger grasping the trip, and the little finger encircling i\ tali) 
while the middle and third fingers are plawd inside it. Holes in the wood left It l 
punch must be filled with putty before painting is done. The punch u shows 
Fig, 446. 

Nail-pullers,—Fig. 447 abowu a handy little tack-wrench for drawing small m 
out of wood. A more complicated implement is the “ Victor 1 ' nail-puller, which uk 
to remove nails w ithout injuring either tWm ot the wood, and which costs IDs. 

—TlieikJ uru uiftde ip many sizes *&\**&%q 
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la Fig. 448, u is the ordinary “gimlet pointed'' wood screw; b is tho 
i, with a stronger kind of thread ; c, a stove screw; d, head of brass lock screw; 

' japanned look screw. / is a screw box for catting wooden screws, costing 5*.-15r. 
r© made of the following lengths: |, £, $, 1, 1J, IJ* 31, 2, 2}, 21, 3,3J, 4 t 5. 

; and in each length there are 12-30 different thicknesses, called “ numbers," 
-driver.—Screws are driven into wood (in boles previously made by a bradawl 
one size smaller) by means of a screw-driver or turn screw, shown in Fig. 449. 
L consists of a steel bkde tapering to a blunt edge at the working end, and 
i tang in a wooden handle 

ier. The shape and size ***■ 



hide and handle depend 
Izes of the screws and 


ions in which they am ^- * 

abinet screw-drivers for 

being long and light to reach into deep work* Screws hold three times as 
i n&IU without risk of splitting the wood, and may be withdrawn without 
; nr causing any injury. They are sunk below the surface when necessary by 
a tool called a countersink, described oo p. 248. The improved ratchet serew- 
hurckills) Is becoming popular. 

M on the Care of Tools.—The following hints on the best moans of keeping 
;ood condition cannot fail to be useful:— 

en ParU, —The wooden parts of took, snob as the stock* of planes and handles 
S are often made to have a nice appearance by French polishing; but this adds 
*> their durability, A much better plan is to let them soak in linseed oil for a 
i rub them with a cloth for a few minutes every day for a week or two. This 
a beautiful surface, and at the same time exerts a solidifying and preservative 
the wood, 

Fortf, Rost preventives.—The following recipes arc recommended for pre- 
uat on iron and steel surfaces ;— 

aoutcboiic-aii is said to have proved efficient in preventing rust, and to have 
jpted by the German army. It only requires to be spread with a piece of 
> a very Ihin layer over the metallic surface, and allowed to dry up. Such a 
rill afford security against all atmospheric influences, and will not show any 
ider the microscope after a year's standing. To remove it, the article has simply 
ited with oaoutahouc-oil again, and washed after 12 to 24 hours, 
ntbeomwive oil; an absolutely pure nuata-foot oil prepared by Holtzapffel A Co., 
g Croos, is the best for the lubrication of lathe mandrils and ail part* of delicate 
y, it b used by clock and watch makers, A slight coating of this oil wiped over 
sel and iron articles effectively preserves them from rust, it is cleanly in use, 

11 steel articles can be perfectly preserved from rust by putting a lump of 
17nt lime in the drawer or case in which they are kept. If the things ore to 
(as a gun in ik case, for instance), put the lime in a muslin bag. This is 
’ valuable for specimens of iron when fractured, for in a moderately dry place 
will not want renewing for many years, as it is capable of absorbing a Lirgo 
of moisture. Articles in use should bo placed in a box nearly Ailed with 
ly pulverised slaked lime. Before using them, rub well with a woollen doth, 
be following mixture forms an excellent brown coating for protecting iron and 
□ rust: Dissolve 2 ports crystallized iron chloride, 2 antimony chloride, and 
in 4 water, and apply with a sponge or rag, and let dry. Then another coat 
iut is applied, and again another, if necessary, until the colour becomes us 
desired. When dry* it Is washed with water, allowed to dry again, and the 
•dialted with boiled lipsoed-oil. The antimony chloride be ^ ^ 
i pcwiblo. 
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(5) To keep tools from rusting, take { ox. camphor, dissolve in t lb, mdui larii mi 
take oft" the scum and mix in iu much fine black lead (graphite) oa will giro ttuml 
colour. Clean the took, and smear with tilts mixture. After 24 hours, rah dean 

soft linen cloth, Tim tools will keep clean for months, under ordinary cucumaa &*»■►« 

(6) Put about 1 qfc, fresh slaked lime, | Ik washing wxlu, j Ik soft Mp i* • 
bucket ; add sufficient water to cover the articles ; put in the tools ha aeon u folks 
after use, and wipe them up next morning, or let them remain until wxutal 

(7) Sort soap, with about half its weight of pearlash ; 1 os, of the mixture to Mvgl 
1 gal, boiling water. This is in every-day use iu most engineers' shops fa the in;--** Iks 
used for turning long articloa bright in wrought-irou and steel. The luri ib^ 1* 
constantly mokt, does not rust, and bright nuts are immersed in it for daj» till 

and retain their polish, 

(8) Melt slowly together G or 8 oz. lard to I oz* rosin, stirring till cool; wkr 
semifluid, it is ready for use. If too thick, it may be further let dowu by owl-ail uf I - 
benzine, Rubbed on bright surfaces ever so thinly, it preserves the polish 

atid oiiy be readily rubbed off, 

(0) To protect metals from oxidation—polished iron or steel, for I 

requisite is to exclude air and moisture from the actual metallic surface; whcrcU. 1 
polished tools ore usually kept in wrappings of oiled cloth and brown paper; iS'L^'Jvs 
protected, they will preserve a spotless face for an unlimited time, Wbm v « I 
luelals come to be of necessity exposed, in being converted to use, H is 
protect them by means of some permanent dressing; and Wiled liuseed-uil, I 
forms a lasting film of covering as it dries on, is one of the best preservative'if 
the best. But in order to give it body, it should be thickened by thn sdiibmfl - 
some pigment, and the very best—because the most congenial—of pigmem* a h* I 
ground oxide of the same metnl— or, in plain words, rurted iron reduced »t»l 
impalpable powder, for the dressing of iron or steel—which thus forms the pigtufnltfv* 
red oxide paint. 

(10) Slake a piece of quick-lime with just w ater enough to cau^e it to ciumkt & * r 
covered pot, and while hot add tallow to it and work into a paste, and mo this taso* « 
over bright work ; it can be cosily wiped off, 

(11) Clmstcadfa varnish is mode by melting 2 ox* rosin in 1 lb, fresh smwt 1 
melting the rosin first and then adding the lard and mixing thoroughly, Tto* * I 
applied to tbo meta.!, which should be worm if possible, und perfectly oloonod; 11 
is afterwards rubbed off. This has been well pmved and tested for many 

is particularly well auited for planished and Russian iron surfaces, which adigU^l 
is apt to injure very seriously* 

Rust Removers*—(1) Cover the metal with sweet oil well rubbed in, and allow toft*® I 
for 48 hours; smear with oil applied freely with a feather or piece of cotton wool site 1 
rubbing the steel. Then rub with unslaked lune reduced to as fine a povikr •• 1 
possible. (2) Immerse tho article to be cleaned for ft few minutes until all din ^ 1 
rust is taken off in a strong solution of potassium cyanide, say about | ox. fa • 1 

glassful of wuU r; take out and clean it with a tooth-brush with some paste comp*" 1 
of potassium cyanide, Castile soap, whiting, and water, mixed into a paste of abut lb I 
consistence of thick cream. 

Construction.—This section of the art of carpentry may be oonwcieaUf ^i 
with iu 2 divisions, the first containing a description of the multifarious fum»^ I 
joint which underlie all kinds of construction in wood, and the second being 
to some examples illustrating the manner of making various articles of every-day a* 

Joints.—T he following remarks are principally drawn from an excellent pst*f '* 

** Joints in Woodwork,” read before the Civil and Mechanical Engineers* Soeht? 
Henry Adams, and embracing nearly all that need be said when the preceding 
vn wood# and fools have lieen duly sUkdkd* 
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/ Carpentry and Joinery 1 The use of wood may be discussed under the 2 
ntry and joinery : the former counts principally in using large timbers, 
or sawn ; the latter employs smaller pieces, always sawn, and with the 
as planed. Carpenters* work is chiefly outdoor, and embraces such objects 
ibet bridges and gantries, framing roofs and floors constructing centreing, 
vy or rough work. Joiners' work is mostly indoor, and includes laying 
>g and Axing doors, window sashes, frames, linings, partitions, and internal 

iiy- 

/ Joint **—In all cases the proper connection of the parts is an essential 
i designing or executing joints and fastenings in woodwork, the following 
l down by Professor Rank in e, should be adherer 1 to, via,:— 
the joints and arrange the fastenings so as to weaken the pieces of timber 
cct os little aft possible. 

© each abutting surface in a joint as nearly as possible perpendicular to 
kick it has to transmit. 

portion the area of each surface to the pressure which it has to bear, so 
i may be safe against injury under the heaviest load which occurs in 
d form and fit every pair of such surfaces accurately in order to dialfibults 
brmly. 

portion the fastenings so that they may be of equal slreagtb with ihe pieces 
meet 

m the fastenings in each piece of timber bo that (hero shall be suJEcieut 
i© giving way of the joint by the fastening* shearing or crushing their 
he timber. 

*e may bo added a 6th principle not less important than the foregoing: 
he simplest forms of joints, and to obtain the smallest possible number of 
he reason for this is that the more complicated the joint, or the greater 
bearing surfaces, the kas probability there will be of getting a sound and 
connection. 

'flftf.—To ensure a fair and equal bearing in a joint which is not quite 
,1, after the piec es are put together, to run a saw-cut between each bearing 
uncut; the kerf or width of out 
each case, the bearing is then 
This is often done, for instance, 
ders of a tenon or the bulling 
F, when careless workmanship 
t necessary, 

kg.—W hen the visible junction 
equired to be as close as possi- 
Hit strain lias to be met at the 
Find to slightly undercut the 
i clearance on the inside, as in 
h shows an enlarged view of a 
abated heading joint in flooring, 

Jfitig, the fillets which are 
» internal angle of 2 meeting 
side obtuc© angled on the back, 
when bradded into place the 
may He dose, as shown in 
i© prints used by pattern-makers for indicating the position of round- 
' also undercut by being turned slightly hollow on the bottom, us shown in 
id principle is adopted in nearly all cases where a close joint laatatt&m- 
ce must also bt J left in joints of /yarning when % settlement Vo VoJ&ft 
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place, in order that, after the settlement, the abutting surfaces may take a fair task 
to resist the strain. 

Strains .—The various strains that can come upon any member of a itneU 
are—(1) Tension : stretching or pulling; (2) Compression: crashing or potoft| 
(3) Transverse strain : cross strain or bending; (4) Torsion: twisting or vraookftg 
(5) Shearing: cutting. But iu woodwork, when the last-named force acts along ft 
grain, it is generally called“ detrusion,” the term shearing being limited to the adto 
across the grain. The first 3 varieties are the strains which usually coins nponftq 
struts, and beams respectively. The transverse strain, it must be observed, is naofoW 
into tension and compression, the former occurring on the convex side of a loaded baa 
and the latter on the concave side, the 2 being separated by the neutral axis or \at4 
no strain. The shearing strain occurs principally in beams, and is greatest at thepoft 
of support, the tendency being to cut the timber through at right angles to the graft; 
but in nearly all cases, if the timber is strong enough to resist the transverse strain, it I 
amply strong for any possible shearing strain which can occur. KejB and ofti 
fastenings are especially subject to shearing strain, and it will be shown in that pifta 
of the subject that there are certain precautions to be adopted to obtain the beat radii 

Classification of Joints. —(1) Joints for lengthening ties, struts, and beams; lappog 
fishing, scarfing, tabling, building-up; (2) Bearing-joints for beams: halving, nofctoj 
cogging, dovetailing, tusk-tenoning, housing, chase-mortising; (3) Joints for posh d 
beams: tenon, joggle, bridle, housing; (4) Joints for struts with ties and posts: obfiQM 
tenon, bridle, toe-joint; (5) Miscellaneous: butting, mitreing, rebating. 

Classification of Fastenings .—(1) wedges; (2) keys; (3) pins : wood pins, MW 
spikes, treenails, screws, bolts; (4) straps; (5) sockets; (6) glue. 

Lengthening Joints. —One of the first requirements in the use of timber for constndM 
purposes is the connection of 2 or more beams to obtain a greater length. Fig. 4M 
shows the method of lengthening a beam by lapping another to it, the 2 being Mi] 



together by straps and prevented from sliding by the insertion of keys. Fig. 454 atom 
a similar joint, through-bolts being used instead of straps, and wrought-iron pftfti 
instead of oak keys. This makes a neater joint than the former, but they are toft 
unsightly, and whenever adopted the beams should be arranged in 3 or 5 pieoaa ft 
order that the supports at each end may be level, and the beams horixootaL lift 
joint ie more suitable for a epa towxv tyux to* w mwgcmtopq* 1^* 
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i the common form of a fished beam adapted for eorapreMion. If required to resist 
v strain, keys should be inserted in Ibo top and bottom joints between the belts* 
5G shows a fished joint adapted for a cross strain, the whole aectioual area of the 
ml beam taking the ©ompressh'e portion of the cross strain, and the fishing-pieoo 

w. 

-£-A 

:! 


"O'-■ df 

466. 



£ the tensile portion* Fig, 457 shows a fished beam for the Fame purpose, in 
i a wrought-iron plate turned up at the ends takes the tensile strain, Tabling 
(Is of bedding portions of one beam into the other longitudinally. Occasionally 
ihing-pieces are tabled at the ends into the beams to resist the tendency lo slip 
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strain, but this office Is better performed by keys, and in practice tabling is not 
tiwd* The distinction between fished beams and scarfed beams la t&Ab m 
r the original length /a not reduced, the pieces being butted ngiduat each ctitast. 
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while in the latter the beams themselves are out in a special manner and tapped p« 
over each other; in both oases, additional pieces of wood or iron are attach* 
strengthen the joint. Fig. 458 shows a form of scarf adapted to short posts. H m 
scarf is cnt square and parallel to the sides, so that the full sectional ares is utilise* 
resisting the compressive strain. When the post is longer and liable to a bending d 
the scarf should be inclined, as in Fig. 459, to allow of greater thickness being idi 
at the shoulder of each piece, the shoulder being kept square. In this joint a con* 
able strain may be thrown on the bolts from the sliding tendency of the send, 
shoulders should happen to be badly fitted, as any slipping would virtually inerta 
thickness of the timber where the holts pass through. The width of each she 
should be not less than \ the total thiokness. Joints in posts are mostly required 
it is desired to lengthen piles already driven, to support a superstructure in the m 
of columns. Another form of scarf for a post put together without bolts is sho 
Fig. 460, the parts being tabled and tongued, and held together by wedges. T 
not a satisfactory joint, and is, moreover, expensive, because of its requiring extn 
in fittiog; but it may be a suitable joint in some special cases, in which all the 
are required to be flush. Fig. 461 shows the oommon form of scarf in a tie-beam. 



ends of the scarf are birds’-moutlied, and the joint is tightened up by wedges dxivi 
opposite sides. It is further secured by the wrought-iron plates on the top and l 
which are attached to the timber by bolts and nuts. In all these joints the fricti 
tween the surfaces, due to the bolts being tightly screwed up, plays an important 
the strength of the joint; and as all timber is liable to shrink, it is necessary to ei 
the bolts occasionally, and to keep them well tightened up. Figs. 462 and 46 



good forms of scarfs, which are stronger but not so common as the preceding, 
times the scarf is made vertically instead of horizontally; when this is done, a 
modification is made in the position of the projecting tongue, as will be see! 
Fig. 464, which shows the joint in elevation and ^ian. The only other scarfs to 
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bon am! be called are those shown in Figs. 465 and 4GC, in which the compression 
N tniwlp with a square abutment* These are very strong forms, and at the game time 
y made. Many other forms have been designed, and old bonks on carpentry teem 
iratrfir of every corned vnble pattern : but in thin, as in many other cnees, the aim- 
thine is the beet, a* the whole vuloe depends upon the accuracy of the workman- 
t and this is rendered excessively difficult with a multiplicity of parts or abutments. 


465 . 




m, 


467 



iretiqthcning .—In building-up beams to obtain increased strength, the most usual 
ed is lo lay 2 beams together sideways for short spans, as in the lintels over doom 
windows; or io cut one down the middle, and reverse the halves, inserting a 
gbldrou plate between, as shown in the flitch girder. Fig* 467. The reversal of the 
s gives no additional strength, as many workmen suppose, but it enables one to see 
e timber is sound throughout at the heart, and also allows the pieces to season 
r A beam uncut may be decayed in the centre, and hence the advantage of cutting 
evening, even if uo flitch-plate is to bo inserted, defective pieces being then discarded, 
a very long and strong beams are required, a simple method is to bolt several 
her so a* to break joint with each other, as shown In Fig. 468, taking care that on 
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enaion aide the middle of one piece comes in the centre of tho span with the 2 
ft joints equidistant It is not necessary in a built beam to carry the full depth 
-as the supports: the strain is, of comae, greatest in the centre, and provided 
ia sufficient depth given at that point, the beam may be reduced towards the 
nlinwiiirc being made for the loss of strength at the joints on tension side. A 
i piocc of timber secured to the under side of a beam at the centre, ns in Fig. 469, is 
ph? and effective mode of increasing its strength. It will be observed that the 
i bedded into the sides of the beams; they thus form keys hi prevent the 
* from slipping on each other. This weakens the timber much less than. 

Un top or bottom, as the tirengih of a beam varies only in direct ptopnttiroi Vi 
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breadth but as the square of the depth. The addition of a second piece of timber folk 
middle is a method frequently adopted for strengthening shear legs and derrick poll 
temporarily for lifting heavy weights. 

Bearing Joint *.—In a consideration of bearing joints for beams, the tom “taa’i 
taken to inolode all pieces which carry or reoeive a load across the grain. Therapls 
of these 1b the halving joint, shown at* Fig. 470, where 2 pieces of cross bneog ■ 



halved together. This joint is also shown at Fig. 471, where the ends of 2 wall pb 
meet each other. When a joint occurs in the length of a beam, as at Fig. 472, i 
generally called a scarf. In each of these examples it will be seen that half the th 
ness of each piece is cut away so as to make the joint flush top and bottom. Someti 
the outer end of the upper piece is made thicker, forming a bevelled joint and acting 
a dovetail when loaded on top. This is shown at Figs. 473 and 474. When a b 
crosses another at right angles, and is cut on the lower side to fit upon it, the joii 
known as single-notching, shown in Fig. 475. When both are cut, as in Fig. 476, 
known as double-notching. These forms occur in bridging and ceiling joists. Whs 


475 . 476 . 




cog or solid projecting portion is cut in the lower piece at the middle of the joint 
known as cogging or caulking, and is shown in Fig. 477. Figs. 478 and 479 show 
forms of the joint occurring between a tie-beam and wall plate in roofing. Doveta 
is not much used in carpentry or house joinery, owing to the shrinkage of the 
loosening the joint: 2 wall plates are shown dovetailed together at Figs. 480 and 
in the latter, a wedge is sometimes inserted on the straight side to enable the joint 
tightened up as the wood shrinks. Tredgold. form shown in Fig. 482, t 
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m as the H Tredgold notch ; ” but this is never seen in practice. Tusk-tenoning is 
rtbod adopted for obtaining a bearing for a beam meeting another at right angles 
same level, Fig. 483 shows a trimmer supported on a trimming joint in this 
r; this occurs round fireplaces, hoistways, and other openings through floors. 
14 shows the same joint between a wood girder and binding joist; it is also used 
ble-fr&med flooring. The advantage of this form is that a good bearing is 
id without weakening the beam to any very great extent, as the principal portion 
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lAteriaJ removed is taken from the neutral axis, leaving the remainder disposed 
after the form of a flanged girder. When a cross-piece of timber hits to be 
between 2 beams already fixed, a tenon and chase-mortice (Fig. 485) is one of 
bods adopted. If the space is very confined, the same kind of mortice is made 
bc«tns, but in opposite directions: the cross-piece is then held obliquely Mid slid 
ce. Occasionally it is necessary to make the chase-mortki! vertical \ W\ 'Kva \& 
H' recommended, as the beam /§ much weakened by m doin^—\\ is iu 
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Fig. 486. In some oases of ceiling joists a square fillet is nailed on the tenon aaddaa 
mortice, to take the weight of the joists without cutting into the beam. While iperthf 
of floors, the process of flrring-up may be mentioned; this consists of laying thin pint 
or strips, of wood on the top of joists, or any surfaces, to bring them optotM 
Firring-pieces are also sometimes nailed underneath the large beams in framed fan,* 
that the under side may be level with the bottom of the ceiling joists, to give a faeuif 
for the laths, and at the same time allow sufficient space for the plaster to fonn a by. 


486 . 


487 . 




Brandering is formed by strips about 1 in. square, nailed to the under side of the ce3«4 
joists at right angles to them; these strips help to stiffen the ceiling, and, beisg 
narrower than the ceiling joists, do not interrupt the key of the plastering so *j 
Housiug consists of letting a piece of wood bodily into another for a short distance, <*» 
as it were, a tenon the full size of the stuff; this is used in staircases, housed into tbs ; 
strings, and held by wedges. Housing is likewise adopted for fixing rails to posts, as is 
Fig. 487, where an arris rail is shown housed into au oak post for fencing. 

Post and Beam Joints. —The most common joint between posts and beams is tbs 
tenon and mortice joint, either wedged or fixed by a pin; the former arrangement i» 
shown in Fig. 488, and the latter in Fig. 489. The friction of the wedges, when tightly 
driven, aided by the adhesion of the glne or white-lead with which they are costed, 
forms, in effect, a solid dovetail, and the fibres, being compressed, do not yield further by 
the shrinking of the wood. A framed door is an example of the application of tbe 
joint When it is desired to tenon a beam into a post, without allowing the tenon to 
►how through, or where a mortice has to be made in an existing post fixed against***^ 
the dovetail tenon, shown in Fig. 490, is sometimes adopted, a wedge being driven in 01 
the straight side to draw the tenon home and keep it in place. In joining small piece*, 
the foxtail tenon, shown in Fig. 491, has the same advantage as the dovetail tenon of n* 
showing through, but it is more difficult to fix. The outer wedges are made the knfrt 
and in driving the tenon home, these come into action first, splitting away the site 
and filling up the dovetailed mortice, at the tame Wme the fibres of the 
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a. This joint require# no glue, as it cannot draw nut; should it work loose at any 
, the only way to tighten it up would be to insert a very thin wedge in on© end of 
nnrtiee. Short tenons, assist* d by atmp bolts, ub shown in Fig. 492, are commonly 
ted m connecting large timbers. The post is cut to form a shoulder so that the beam 



i a bearing for its full width, the tenon preventing any side movement. When a 
rest* on u beam or sill piece, ita movement is prevented by a "joggle," or stub-tenon, 
own in Fig, 493; hut too much reliance should not be placed on this tenon, owing 
e impossibility of seeing, after the pieces are fixed, whether it has been properly 



l and it is particularly liable to decay from moisture settling In the joint. For 
or*ry purposes, posta are commonly secured to heads and sills by dog-irons or u do^* T 
494 , the pieces in this case i/mply butt against each other* thfc to 

l cuttiqgr the timber, and so depredating ita value, and also for economy of V&sraux 
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Other forms of tenons are shown in Figs. 495 and 496. The doable tarn bond it 
framing wide piece*, and the haunched tenon when the edge of the piece on vfakfc At 
tenon is formed is required to be flush with the end of the piece containing the natia 
In Figs. 497 and 498 are shown 2 forms of bridle joint between a post sod bm 


497 . 



form, as the post is then equivalent to a column with rounded ends, which it is well | 
known is unable in that form to bear so great a load before it commences to yield. 

Strut Joints .—A strut meeting a tie, as in the case of the foot of a principal rafter | 
in a roof truss, is generally tenoned into the tie by an oblique tenon, as shown ia ; 
Fig. 499; and the joint is further strengthened by a toe on the rafter bearing agaimti 
shoulder in the tie Tredgold strongly advised this joint being made with a briffli 
instead of a tenon, as shown in Fig. 500, on account of the abutting surfaces being fallj 
open to view. A strut meeting a post as in Fig. 501, or a strut meeting the prtodpl l ( 
rafter of a roof truss (Fig. 502), is usually connected by a simple toe-joint. The shoulder 




SOI. 


Ml 





should be cut square with the piece containing it, or it should bisect the angle formed 
between the two pieces. It is sometimes made square with the strut, but this b 
incorrect, as there would in some cases be a possibility of the piece slipping out b 
lodged and braced doors or gates this joint is used, the pieoes being so arranged si to 
form triangles, and so prevent the liability to sag or drop, which is difficult to givrd 
against in square-framed work without, struts or braces. When a structure is triangQ* 
lated, its shape remains constant so long as the fastenings are not torn away, became, 
with a given length of sides, a triangle can assume only one position; but this to net 
the case with four-sided framing, as the sides, while remaining constant in length, may 
vary in position. A mansard roof contains various examples of a toe-joint; it shell 
also the principle of framing king-post and queen-post roof trusses, each portion betog 
triangulated to ensure the utmost stability. 

Miscellaneous Joints .—Among the m\Bce\\aueoua yfata yh not previomty 
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UliLudooet], the meat common are the batt-joinl, Fig, 503, whore the pieces meet each 
«*tber with square ends or side* ; the mitre-joint, Fig, 504, where thepieoeu abut against 
other with bevelled ends, bisecting the angle between them, ns in the ease of strata 
fitted to a corbel piece supporting the beam of a gantry ; snd the rabbeted or '* rebated ” 
j« >lnt t Fig, 505, which is a kind of narrow halving, either transverse or longitudinal. To 
Uie&e most be added in joinery the grooved and tougued joint, Fig, 506; the matched 
®ait| beaded joint, Fig, 5ft?; the dowelled joint, Fig. 508; the dovetailed joint, 
509; and other modifications of these to suit special purposes. To one of 


M3* 604, DOS, DUG. 



these it may be desirable to call particular attention, vte, the flooring laid folding, 
Tbia Is a method of obtaining close joints without the use of a crump. It consists of 
•ailing down 2 boards, and leaving a space between them lather less than the width of, 
■ay 5 boards; these 5 boards are then put in place, and the two projecting edges are 
forced down by laying a plank across them, and standing on it. This may generally bo 
detected in old floors by observing that several heading joints come in one line, instead 
of breaking joint with each other. It is worthy of notice that the tongue, or slip feather, 
shown in Fig, 50tJ, which in good work is formed generally of hard wood, is inside up of 
abort pieces cut diagonally across the grain of the plank, in order that any movement of 
the joints may not split the tongue, which would inevitably occur if it wore cut 
longitudinally from the plank, 

.Fastening*-—With regard to fastenings, the figures already given show several 
applications. Wedges should be split or torn from the log, so that the grain may he 
continuous; or if sawn out, a straight-grained piece should be selected. Sufficient taper 
should be put on to give enough compression to the joint, but too much taper would 
allow the possibility of the wedge working loose. For outside work, wedges should he 
painted over with white-lead before being driven, this not being affected by moisture, as 
glue would be. In scarf joints the chief use of wedges is to draw the parts together 
before ihe bolt holes are bored. Keys are nearly parallel strips of hard wood or metal; 
ttu-y arc usually made with a slight dmft, to enable them to fit tightly. If the key is 
cut lengthways of the grain, a piece with curled or twisted grain should be selected, but 
if this cannot be done, the key should be cut crossways of the log from which it ia taken, 
and inserted in the jtdat with the grain at right angles to tho direction of the strain, so 
that tlie shearing stress to which the key is subject may act upon it across the fibres, la 
timber bridges and other large structures, east-iron keys are frequently used, as there is 
with them an absence of all difficulty from shrinkage. Wooden pins should be selected 
in the same way as wedges, from straight-grained, hard wood. Square pins are more 
efficient than round, but are not often used, on account of the difficulty of forming square 
hole* for their reception. Tenons are frequently secured in mortices, aa \\\ YY%, 
pins, the pirn being driven in such a rnaaner as to draw the tenon UfJakVj Vnto 
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mortice up to its shoulders, and afterwards to hold it there. This is done by boring 1 
hole first through the cheeks of the mortice, then inserting the tenon, marking off 
position of the hole, removing the tenon, and boring the pin-hole in it rather never 
shoulders than the marie, so that when the pin is driven it will draw the tenon Mil 
described. The dowelled floor shown in Fig. 508 gives another example of the 
of pins. 

Nails, and their usee, are too well known to need description; it may, howeve 
well to call attention to the two kinds of cut and wrought nails, the former being fix 
or stamped out of plates, and the latter forged out of rods. The cut nails are ch« 
but are rather brittle ; they are useful in many kinds of work, as they may bed 
without previously boring holes to receive them, being rather blunt pointed and h 
2 parallel sides, which are placed in the direction of the grain of the wood, 
wrought nails do not easily break, and are used where it is desired to clench them( 
back to draw and hold the wood together. Spikes are nearly of the same form ss 
but much larger, and are mostly used for heavy timber work. Treenails are 
wooden pins used in the same way as nails. In particular work, with some woodi 
as oak, they are used to prevent the staining of the wood, which would occur i] 
were used and any moisture afterwards reached them. Compressed treenails are 1 
used for fixing railway chairs to sleepers, as they swell on exposure to moisture, sn 
hold more firmly. Screws are used in situations where the parts may afterwards i 
to be disconnected. They are more useful than uails, as they not only connect the 
but draw them closer togelher, and are more secure. For joiners* work the screws i 
have countersunk heads; where it is desired to conceal them, they are let well in 
wood, and the holes plugged with dowels of the same kind of wood, with the g 
the same direction. For carpenters* work the screws are larger and have often 
heads; these are known as coach screws. The bolts, nuts, and washers u 
carpentry may be of the proportions given in the following table;— 


Thickness of nut.=1 diara. of bolt, 

„ head .= } 

Diameter of head or nut over sides .. .. = 1} ^ 

Side of square washer for fir .= 3 \ „ 

.. .. oak.= 2J „ 

Thickness of washer.= $ „ 


The square nuts used by carpenters are generally much too thin; unless they are 
in thickness to the diameter of the bolt, the full advantage 
of that diameter cannot bo obtained, the strength of any 
connection being measured by its weakest part. The best 
proportion for nuts is that of a Whitworth standard hexagon 
nut. A large square washer is generally put under the nut 
to prevent it from sinking into the wood anil tearing the fibres 
while being screwed up; but it is also necessary to put a 
similar washer under the head to prevent it sinking into 
the wood. This is, however, often improperly omitted. 

Straps are bands of wrought iron placed over a joint to 
strengthen it and tie the parts together. When the strap is 
carried round a piece, and both ends are secured to a piece 
joining it at right angles, as in a king-post and tie-beam* 
it is known as a stirrup, and is tightened by means of a 
ootter and gib keys, as shown in Fig. 510. When straps 
connect more than two pieces of timber together, they are made with a branch 1 
in the direction of each piece; but they are usually not strong enough at the p 
junction , and might often be made toilet ace without impuirinj 
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iketB lire generally of cast iron* and may be described ns hollow boxes 
re the ends of timber framing. 

i to the use of glue for seen ring joints* it has been found that the tensile 
id glue la about 4000 lb. per sq, in,, while that of a glued joint in damp 
1-300 lb, per sq< in,, and in dry weather about 715 lb. The lateral 
wood is about 562 lb, per sq, in., and therefore in a good glue joint the 
will give wav before the junction y it Ids. 

bis is a useful joint for uniting pieces of wood at right angles* as in the 
where much strength ia not needed. Each end is mitred off and the 
joined by glue. When the glued joint in quite lirtn, a few saw cuts are 
gle* so as to cross both pieces forming the joint* and into the kerfs are 
ipe of wood previously well glued. After all has dried, the projecting 
a are cut off. The direction of the saw cuts should not be horizontal: 
ne upwards and some downwards. 

tag,—This is another weak joint* only admissible in the lightest work, 
tula of the side pieces (of a box* for instance) are glued together as for 
cd a triangular piece is glued inside the comer, 

nd T* n oning, — -Th is joint is so ini portout uud so constantly employed in 
>u or another in almost all branches of carpentry and joinery that it 
il description at some length. The gauge used for marking out the 
n spoken of on p. 166; and the use of the chisel in cutting it out has been 
, 232, In nutting the tenon, a very sharp and accurately set saw should be 
le edges left will need no paring or trimming of any kind. The simple 
ion hate been shown on p, 233, In sawing the shoulders of a tenon* them 
1 tendency to undercutting them* as a safeguard against rounding them, 
ay be said about wedging and pinning. Suppose that a Tenon nicely fitted 
d and glued. Taking it out of the mortice* the latter has a wedgediko 
on toeh side to be filled in by a pair of wooden wedgesof similar form. If 
short and blunt, they will not be able to be driven home* but will jump 
no effect in tightening up the joint by drawing the parts together. The 
be long in proportion to their thickness. The object is to convert a 
nto a dovetailed shape, which cannot be drawn buck out of its moi tice. The 
*d the wedges ere carefully glued with hot glue, about as thick as cream* 
ng also been well warmed. The joint ia driven up* wedged* and left to 
ng a tenon and mortice through (which is always the method used in 

I ), having cut and filled the parts accurately* bore through the mortice 
t angles* having just removed the tenon. Use for this a shell or nose 
How insert the tenon* pat the nose bit in again, and just begin to boro 
cknily to mark it. Take it out and bore the hole about ^ in. nearer 
T tho tenon than you would have done if it bad been left in its mortice 
e therein. Then make n nice oak pin, and not too tapering* but a tight 
» the hole in the tenon, it will draw it in close in the endeavour to bring 
itb those of the mortice. It must not be so bored that it cannot draw in* 
in danger of tearing and splitting: but must almost tally at the outset 
holes. This forms a perfect joint that can (if need be) be at any time 
knocking out the pin* which ia sometimes left long that it may be mom 
back 

tple r£ more difficult fitting* it some times happens that the mortice is cut 
exagomtl form* or rather section of that nature* and that a mil lias to be 
the shoulders of the tenon must be so made ns to embrace the parts 
tice. Fig, 51 l t « and h, represents such. The shoulders c, d* are specially 
e* owing to the angular direction of the grain* as the iutaxft.1 wtscj vA 
surface smooth// would be to work from x to p of e 1 ami 
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done in this cnee. It may be pared with a chisel more readily when laid down on rta aide* 
ns nt/ t the chisel cutting perpendicularly; but the angle® frequently prohibit thecfcM 
from cutting into them closely. Still, there is no help for it, and there is no job which 
requires a sharper tool deftly managed. When the work is small, the finest saw, asel 
carefully, may suffice w ithout any subsequent paring, and is the safer tool to use, When, 
however, the parte are to bo constructed of wood of more than usually curled grain. it 
may suffice to cut a recess into the standard, to receive the hexagonal rail Itself beycad 
its tenon, Fig, 512, a, 5, and e % where the mortice is shown quite black, and Lherece* i# 


fin, GI2. 



shaded. Neatly done, the effect is the same as when the shoulders are cut, m in th* 
previous cose ; hut allowance must be made in the length of the mU*or it will, of court*, 
be too short when fitted into its place. The first plan, even if well done, is not so sffnng 
as the second, and, in an outdoor job, where exposed* the latter would be far less Iribk 
to admit rain to injure the tenon; but there are many cases in which the 
same kind nf fitting is needed where a plan similar to that first described is 
essential. It should be borne in mind that a mortice and tenon ought to 
just slide stiffly into place, without requiring a lot of knocking with the 
mallet. 

A curious Form of mortice and tenon Is show n in Fig. 513, and is made in 
the following manner:— -Get 2 pieces of clean, straight-grained yellow pine, 
recently cut from the log that is not seasoned, 9 in. long, 1\ in, broad, and 
| in. thick. In the middle of one of these make a |4n. mortice 1J in, long, 
as at a ; and on the other piece, after it has been dressed to j in, thick at 3 in, 
from one end, make a tenon \ in, thick and l£ in. long, as at h, and taper the 
other end ns shown* so us to make it easy to introduce into the mortice. 

Then get both pieces steamed, and while they are heating prepare something 
to support the sides of a, so as to prevent it from splitting when 6 is being 
driven through, and a strong crump or vice to compress 6. When the wood is 
thoroughly steamed, place b in the vice or cramp, with a piece of hard wood 
on each side, so as to press its whole surface from the tenon to the tapered 
end equally, and screw up as hard os possible. Withdraw a from the 
steam, and place it in its prepared position; try the screw again on fc; 
then take it out, enter its tapered end Into the mortice, and drive through until tb* 
ahouhVrs that have not been pressed rest on a; put them into warm water ft* 
several hours, then take them out and dry; afterwards cut all the arms to an cqml 
length, and clean off. It will allow of examination better if the tenon on h is made. 
lougg stO u* to erniMe a to be moved along, aa wWn w\l Ya 'flumbj together it will be *t 






































Carpentry —Construction. 


281 



l that ibe cross is made of 3 pieces. Obviously no practical carpenter would 
h a joint, as the wood must suffer much in the unequal compression and 
Lao of its fibres, besides giving no particular strength. It h a sort of puzzle in 

/4np Jrwth—This is an every-day joint, anti apparently one of the simplest, yet it 
often badly made. Each of the pieces has 3 surfaces in contact* viz, the broad 
vf Fig. 5H* the side d, the front b, corresponding to similar ones on A, to which 
ppoeed to be necessary to attach it at right angles, As a joint It has no strength 
r well made; but it is of very frequent use 
" of all sizes* and is used not only to join 
at right angles (or at some intermediate* 
to another, but also to join them length 
The line of the and 1 must bo accurately 
with the help of a square, aud, with the 
pplionce, the Jin© answering to c e of h 
f marked round 3 sides of each piece. Then 
marking gunge, ef and its counterpart, 

together, determine the plane of a, are set off, and this line is carried along the 
On white wood, a finely-pointed (or finely-edged) pencil will make a belter line, 
re that amateurs are apt to be lazy. They mark perhaps b t saw down a shoulder, 

> further guide line, and holding a broad chisel at the end, hit it with a mallet, 
goes the whole cheek piece, leaviog possibly a Fairly true face, and more generally u 
imp one— so untrue freq uen t! y that no subsequent paring w i 11 correct it. But as i t 
much concealed from view, it is allowed to pass muster, and a nice botched job it 
Supposing this intended, as it often is, to be a glued joint, the gnat object to 
?d at is to make each face as level and true as possible, so as to provide plenty of 
contact. We may, in this way, even make the half-lap joint si rang enough, 
it is essentially necessary to scribe all lines with accuracy, and then to out 
y up to them. The cutting across the grain will, of cour^, be done by the tenon 
iich be wilt carried down to the line gauged to show the line e / marking the 
i of the half-thickness of the stuff. Then the work should be stood end up in the 
id the cheek piece carefully removed, leaving the surface, if possible, so flat and 
not to need subsequent dressing with the chisel. A small hand saw will do 
it, its teeth set out only just so far as to prevent the blade from binding in the 
i. iaw known as a panel saw will do nicely; a largo baud suw with much eet U 
© difficult to use. 

This forms a secure and strong joint, but needs great ear© in 
g out and cutting the work. The dovetails should not have too sharp 
or they will be liable to be broken off The fit may be tight, but not so 
i to require considerable force to effect a juncture, or the lop and bottom dove- 
oy be split off. When a dovetail joint is used at a comer that is to be rounded 
lly* the joint should be inode in the usual way first, uud the rounding done 
rda. 

kI Dove toils.—These are so named when the pins or dovetails, or both, are 
from view in the finished article. On© plan, in which the joint is seen at 
b only, is shown in Fig. 515. The wood a forming the side should be rather 
than b on the front The pins © are cut first, and their outline is marked 
V, in which the sockets are then cut for their reception, noting that these sockets 
extend farther in length than the dotted line tf p nor farther in width than the 
iue s, 

plan illustrated in Fig. 5H1 allowa only a line to be seen in the aid© piece, la 
e* each piece has a distance market! off on it equalling the feieWntsa, ol fete i 
in«j to it; a/ about half this thickness another lino la uuxTktfe \o fetlVcaXn fete 
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depth (in the thickness of the wood) to which the pins sod dovetails are to be cut *A* 
the [line in a have to overlap and hide the ends of the dove^aila, half their i'th« 
pins’) length is cut off after their full dimension has been used in marking out the d>rr* 
tails. All the cutting roust he carefully done with a chisel. When the joint is compete 



and dry , the edge of the lap on a can he rounded. Or again, by making a Lap on t*ch * 
piece and cutting the edges of the laps to the some bevel, they will meet so as W fflkw 
only a single line at the comer. 

Mechanical aids in dovetailing.—To an amateur, dovetailing Ls no easy tntivr. 
when beauty and strength of joint are aimed at. The pitia are less difficult to maU 
than the dovetails, but they must be truly vertical. The real trouble is with the dues- 1 
tails, as they are on arbitrary lines. Much assistance may be got from the emplafptc! 
of a fret sawing machine. This should either have a wooden table, or its iron frM* « 
must be covered with a wooden one | in. thick. On this are scribed, | in. apart 
parallel lines at right angles to the saw front; about j in. in front of it is grooved 
i in. deep between the lines. Filled to slide in this groove, 2 pieces of hard wn»l si* g 
prepared : one carries, at right angles, a sloping block as a guide for cutting the p?’-*- 
and the other a similar guide for the dovetails. Screws can be utjed to hold the guides 
in place, A slot is cut through the table (or false (able, os the case may be) h> 1st tli* 
saw work. The guides just deserih. d tire used to regulate and govern the direction ol 
the snw T so that it sluill not deviate from the lines marked out. 

Dowell>ntj .—The * l dowels," winch are tapering cylindrical pegs of Lough went 
prepared beforehand, and kept dry, should bo placet! 3-12 in. apart in holes prepar-d 
for them by the centre-bit, all of uniform depth (secured by a gauge on the bitk*^ 
countersunk. The dowels are cut j- in. shorter than the united depths of the htde*,asA 
rounded at the ends. The dowels arc wormed for an hour to shrink them, then the 
joint is warmed, and thin hot glue is quickly applied to joint, dowels, and dowebhokw 
This joint is largely used by chiirmakcr*, and know n ns 16 framing." When iho wmi 
mme$ shoulder hi shoulder, the dowel-bole tnufcV \*s bated to the shoulder. 
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Juicing (kin iroods*—For making joints in $-im to j-in* stuff* the material is cut io 
®*» trimrjictJ clean, and arranged in sets, with the joints numbered, The edges tiro 
*meii off with a sharp trying-plane on a shooting-board. To make fcangued joints, the 
oants are shot, then grouted and tongued with a pair of piecing-plauus, to match the 
■Wknee# of the stuff* always keeping Uio fence of the plane 
lu the face of the work* For glueing* the tongue must bo 
>daik to allow for swelling when the hot glue in put in. 

kowan*} The lighter and smaller the work, the greater 
i* the difficulty of securing seen rate joints, because defects in 
^unriug-up uje not obvious on very thin wood. In the ease of 
m small bos with a deep cover, it la easiest to make bos and 
***** all in one piece, and afterwards sow them apart, A neat 
strong joint, allowing the corners to be rounded, in shown 
is plan in Fig* 517; the end piece# of the bos are, rebated 
1A<* a, and the front and back piece# are grooved like b. 

Gfus/ay*—For an account of glue, it# qualities, characters* dec., the reader is referred 
to 1 Workshop Receipt#, 1 second series, pp* 78-8+, in which full details are given for 
■taking* boEUcg, and otherwise preparing the adhesive solution. Glued surfaces need to 
he fireed into the closest pram Lie contact, so that them shall intervene the slightest 
|A»-ible him of the adhesive substance r and there is no point upon which amateurs 
take greater mistakes. A thick wad of glue does not stick 2 pieces of wood together, 
keeps them apart If we could piano 2 board# per butty true, so a# to exclude 
***** a !Um of air* they would adhere w ithout glue. But this is not possible. Never- 
thrle&a* we mute some approach to such condition when, lmvieg planed both appmxi* 
tatdy level, we insert the thinnest possible layer of some adhesive substance—in this 
«toe gluo—and pres# tliern into the very closest contact that we can* The bulk of the 
glue is squeezed out* and I# to be wiped off; but after all is squeezed out that is possible, 
a *ufBcieat film will remain to give the necessary adhesion ; and supposing the glue of 
guid quality ami properly applied, the closest union of the par Is will be found to take 
fkce. The glue should be applied quite hot; nud in cold weather it is well to warm 
Ihr joint before applying the glue, if the character of the work will allow it With 
very thin stuff this warming is not advisable, ns the fire will warp the w T ood. A eon- 
wnieut “ glae-brash*'* aocording to Cowan, may be made from a piece of rattan cane, 
having the outside crust pared off* and the end dipped in boiling water and hammered 
i*«i tdl the fibre is well separated. It is described as the best, cheapest, most durable*, 
anil most effective means of applying glue. 

Hinging .— Hinging is the art of connecting two pieces of metal, wood, or other material 
together* **iek as a door to its frame; the connecting ligaments that allow one or other 
of the attached substances to revolve are termed hinges. There are many sorts of hinges* 
tamg which may be mentioned, butts, chest hinges, coarh hinges* rising hinge#, cose- 
Kt r; .t hinges gamtta, scuttle binges, desk hinges, screw hinges, back-fold hinges, ceuire- 
pdid hinge#, and ao on. To form the hinge of n highly-finished snuff box requires 
Pat Bi-danicftl skill; but few of the best jeweller# ran place a faultless hinge in a 
■ntjifdwx. 

There are many varieties of hinges* and hence there are ninny modes of applying 
Kid mat h dexterity and delicacy are frequently required. In some cases iho 
"tip b vUible* in others it is necessary that it should bo concealed. Some hinges 
feature not only that the one hinged port should revolve on the other* but that the 
taafi# part shall be thrown back to a greater or lesser distance. Figs. 518 to 584 
exhibiC a great variety of methods of hinging* 

Fig. 518 shows the hinging of a door to open to a right angle, ns in Fig. 519. Figs, 
*20, 52J, and Fig#, 522* 523, show modes of hinging door# to open to au angle of 90°. 

521, 525* show a manner of hinging u door to open at right nn&Va, 


&n. 
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iho hinge concealed. The segments are described from the centre of the hinge A 
light portion requires to be out out to permit the passage of the leaf of the hinge 

6M. sis. (30, 


Figs, ^26, 52 7, illustrate an exnmpte of a centre-pin hinge, the Amr opening either 
mad folding back against the nvu\\ m either toiwtfwrcu \L F at right *mgl« t* 


6!fl. 


&2i. 


5J2, 
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lie distance of A from B C is equal to half B C, In this, as in n previous 
>i apace between the door and the wall when the door is folded back. In 
ew well as in Figs, 532, 533, there is no apace left between the door and 

bisect the angle at D by the line D A; draw E C and make CF = ^ D E; 

ight angle* to C E, and bisect the angle PrFC by the line B F ( meeting 
en A is the centre of the binge, Fig. 531 shows, when the door, Fig. 530, 

, that the point 0 falls on the continuation of the line G F. 

535; Figs, 536, 537; Figs, 53$, 039; arid Figs, 540, 541 1 are examples of 
its, and require no particular or detailed describing. 
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t clearing the line of the wall, which represents tho plane in which th© T 
the door will lie when folded bat-k against the wall in either direction. 
d B; draw AB perpendicular to E F, which make equal to EB or BF 
i position of the centre of the hinge, 

m centre of the hinge, Figs, 52K, 529; dra w A D, making an angle of 45° 
?r edge of the door, and A B parallel to tho jamb, nice ling D A in A the 
Mug*: the door* in this case, will move through a quadrant D C. 

, 533, are of another variety of centre^pin hinging, opening through a 

52f. £29. 529. 
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form n part of the bead on the edge of the style R. In this ctse the beads on each 
are equal /uni opposite to each other, with the vq V\«j nvoftri^ 


Figs, 542 to 544 nre of a binge, the flap of which bus a bead B closing into i 
corresponding hollow, so that the joint cannot be seen through. 

Figs, 545 to 517 show a hinge b a let equally into the styles, the knuckl* s ol whho 

£33* 534, 63S* 
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ftg $54 exhibits th£ hinging of a back flap when the centre of the hinge la id the 

i ii« of the Joint, 

55relate to the manner of hinging a back flap when it is necessary to 
™ ^ flap back from the joint. An example of a rule-joint is gr?eu* 
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the 1 example,, Figs* 548 to 550* the knuckle of the hinge forms a portion of the 
on the style C* and U equal and opposite to the bead of the style D. In Figs, 551 
X, t he be*di» ore not directly opposite to one another. 
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opened has to be at a distance from the style. This method of hinging ia used on 
doors of pews, to throw the opening flap or door clear of the mouldings* 
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■k 563, 564, show the manner of finding the rebate when the hinge is placed on 
trary side* Let A be the centre of the hinge, y e the line of joint on the same 
e the line of joint on the opposite side, and e a the total depth of the rebate* 
ms 1 fid, and join dh; on dh describe a semicircle cutting y e in /, and through/ 
haw fb f cutting s c in and join a 6, b j\ and/ y, to complete the joint. 



amplea of Construction*—In giving a selection of examples illustrative of 
nstractbn of articles in which wood fonns the chief if not only material 
»ed, it will be convenient to adopt some sort of classification* The following 
e found to have practical advantages i —(1) Workshop Appliances, (2) Rough 
are, (3) Garden and Yard Erections, (4) House Building. 

Appliances*—T he principal workshop appliances which can he made by 
ochaaie or amateur for his own use are the tool-chest, carpenters' bench, and 
lone mount. 

—The most common way of arranging a tool-chest is in the form of a 
c with the cover opening at top* This has one great disadvantage as compared 
if hat limy bo celled the cupboard arrangement, In that some of 1 he tools must 
*ri!y be below the others and in the dark, giving double trouble to get them out 
lace them, and tending not a little to their Injury, The chest or cupboard 
in Fig. 565 is based on one described in Amateur IFork by the designer* It 
^ 4 ft. high, 3 ft* wide, and 11 m. deep from back to front, (he shell being tnndo 
, boards 11 in. wide. These arc cars fully sawn to size, pinned up, and dove* 
at the joints* The shelves arc of J-in. boards planed down to about $ in. The 
i formed of $4n* lining boards, which may be bought ready ploughed for putting 
et* The interior is divided into compartments: a measures about 3 ft. high, and 
iJe* and U adapted for hanging saws in, books being screwed into k for that 
e; 6 is 2 ft. 2 hi. wide, and 14 in* deep* an as to admit full-dzed bottles ran Laintug 
tine, Ac*, as well as a paint-pot and glue-pot; c is shout 9 in. high and the 
ridth ait; d. e, /, g equally divide the remaining height of the cupboard, the 2 
being only 2 ft. 2 in* wide, while the 2 latter have the full width of the cup* 
All the boards forming the partitions of the interior arc* of f-in* stuff planed 
to about | in. The ends of the shelves which abut on the sides of tbe cupboard 
-beLed Into grooves ^ in* deep, and those ends which abut on the partition i are 
ted on triangular strips screwed to i* The shelves may be free to slide to and 
lerired* except A t which receives the upper end of the partition t. Thu faftA %vta 
cupboard is made in the following ingenious maimer. A frame \A hooOl Z \n* 
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broad, and 1| in. thick, is made to go right round, with an upright bar in the 00 
the whole being fixed together with mortice and tenon. Tenons cut on the ends d 
centre bar are let into mortices in the end pieces, and tenons on the ends of the 
pieces into mortices in the side-pieces, A J-to- bead-plane Is run along the inside * 
of the frame before the tenons are cut or the 
mortices made. If neatly done, this will leave 
a complete bead round each door. This frame is 
nailed to the front of the case ; and if it Inis been 
mnde slightly large, there will be a little border 
to clean off with the piano. The doors may W 
of any desired style, A good appearance, with 
little cost or trouble, is gained by the following 
plan. The frame is 1 { in. thick; and the aper¬ 
tures to be closed are about II in. wide; take 
two pieces of board of the necessary length and 
width, and, when planed, * in, thick; fit these 
into the apertures of the frame as doors; next 
take some slips of §-in. wood, 2J in. broad, 
dressed and squared; upon one side make a 
moulding, | in. broad, with an Q-G moulding* 
plane, and with the Hips thus prepared plant 
the outside of the doors, of course keeping the 
square edges along the edges of the doors, and 
the moulding inwards. There is a little caution 
needed if the deception is to be complete, us 
viewed from the outside. Consider that you require to keep the pieces appea 
ns styles full width from top to bottom of door, hut cutting the moulding al 
angle where they meet on the inner edges. For the middle and lower rail* tl 
slips should be considerably broader than the styles and top rail, but pro partial 
to the size of the door. While the inside of the doors is plain board, the outside fra? 
the appearance of a proper framed door. Secure the case with a lock on each 
bring most handy and neat Obviously one or more of the spaces e,/, g may be fi 
with a nest of drawers for holding assorted nails, screws, and small tools. These dwi 
will resemble smalt shallow boxes, but differing from ordinary boxes, inasmuch « 
front side is of thicker stuff than iho remainder, because it has to take a blind don 
(Fig. 5!5, p. 2B2), The sides, back, and front of the drawers are dovetailed together, 
the bottom rests in a rebate or groove. The dovetails need be only 2 or 3 in nuiu 
and shallow, as the sides arc thin, soy, J-m. stuff. The depth (height) of the dr* 
should not iu general exceed 3 in. The Ixittom is seen ret! by a few small h 
in the rebate or groove cut for it; being @up|K>rtod in this way, it leaves a 0 
portion of the sides of the drawer projecting below it. These form the tobies 
which the drawer slides in and out, and which may he lubricated by rubbing wi 
little soap or domestic bkcklead (graphite). The drawers, when more than W 
depth (height) or width, are separated by a narrow framework running b.*ck about 
the total distance froru front to rear. 

Car paders bencA.— Several forms of bench which can be pun-based ready model 
been already dcBcribod (pp, 257^9); but a home-made bench is much less dpi 
and affords good practice iu joinery, accurate work being necessary, while the mate 
are not too delicate. Good sound deal is a suitable wood to use, and the dinivn* 
must depend on circumstances. Figs, 566, 567, 568 represent n bench described 
eontributor to Amateur Work; the dimensions refer to the rough unplaced wood, v 
musf all be planed up with the least possible whs to. The legs a are 4f in, by 
thv side ties b t 1 in. Hack, are let into thntog* \ Vnfe Icik are let into the 
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and 'both are screwed together by stout 2-in. screws placed so as not to interfere 
each other. The top e is at least 1J-2 in. thick, and made up of two pieces, which 
uised to lie dose by the following means. When the frame (legs and ties) has been 
I quite firm and even, the two 11 -in. boards to form the top are planed smooth and 


B66. 



has along the edges that are to meet; the outer edge of the board d is screwed securely 
to the frame, and wedges are put under its inner edge to force it up about £ in. from 
the frame ; while in this position the other board e is thrust os tightly as possible against 
i and has its outer edge screwed down in a similar manner while its inner edgo is 
Aiasd | in. The 2 boards thus form a table with a ridge along the centre, wh\\*t wcl 
ngthr trough aepnratea the inner edges of the boards. In this trough hot ^\ne V* 

u % 













292 


Ca&pentbY —Construction. 


applied, the Wedges are withdrawn, and the boards are gently pressed down quite fid jgp 
and secured by screws and heavy weights, the latter being removed when the glee Ins gr¬ 
eet. This plan avoids the necessity for a powerful damp. The chop / of the ott> F 
fashioned wooden bench-vice is made of beech or oak, 2 in. thick and 8 in. wide, id fjp 
reaches to the lower edge of the bottom 
aide tie. The screw g passes through 
the chop / and the top side tie, at the 
back of which the nut should be 
screwed. In the neck of the screw is a 
groove for the reception of a thin slip 
of hard wood h, to be mortised through 
the side of the chop, and cut into shape 
to fit half round the neck of the screw 
and into the groove, serving to pull the 
chop outwards. The chop is also fur¬ 
nished with a guide bar t, about 2 in. 
sq., mortised into it, and sliding in a 
guide box or channel provided for it; 
the angles of the guide bar may be 
planed off to ease its movements. The 
stop k consists of a couple of wedges 
let right through the bed of the bench. 

The bottom ties may support a table 
of $-in. boards, convenient for holding 
tools temporarily. The cost of the 
complete bench is estimated not to ex¬ 
ceed 20s.; say wood 15s., bench-screw 
2a., screws, glue, stop, &c., 3a. Obviously the various etceteras of more perfect bench® I 
can be added if desired ; and there is scarcely any limit to the uses which may be nude 
of the open spaces under the bed of the bench, as situations for drawers, cupboard* ! 
tool-racks, or even for a treadle to work a small bench grindstone, circular or band 
lathe, or other contrivance finding a suitable foundation on the firm frame of tk 
bench. 

Grindstone mount .—As already stated (p. 240), grindstones may be bought ready 
mouuted; but while tbe stone and its iron handle, friction rollers, and other metalfe 
accessories had best be obtained in a complete form from some reputable firm (e. g. Boot! 
Bros., Dublin), the wooden frame can bo easily and most cheaply put together (Fig. 568) 
by tbe workman himself. A good durable wood for the purpose is pitch pine; of thic 
will be wanted the following pieces:—2 (a) 3 ft. by 4 in. by 3 in., 1 (6) 4 ft by 4$ in.ty 
1 in., 1 (c) 2 ft. by 4 in. by 2 in., 1 (d) 3 ft. by 2 in. by 1 in., 4 (e) 3 ft by 3 in. by 2 im 
the lot costing about 3s. Plane them all true and Bquare. Take the 2 pieces t, 
forming the long sides of the top, and prepare them to receive, at 4 in. from each cad, 
the ends of the cross-pieces formed by cutting c in half, the joints being made by daw* 
tailing 1$ in. deep. This should make the inside measurement of the top 20 in. by7ia 
The four pieces e for the legs are mortised into the frame sides a at an angle of about 
85°, the mortices and tenons being cut on the bevel to suit; the legs should be 11} ia 
apart at the top and 14 in. at the bottom, to give stability to the structure. This ■ 
further increased by cutting the piece d into two halves, and letting it into the kg 1 
across the ends at 14 in. above the ground. The dovetailed joints of the frame and tbs 
tenons of the legs should be put in with white-lead; in addition, a stoat 3-in. screw is 
driven into each dovetail, and the tenon joints are tightened by wedges. The next stsp 
fa to fix tbe friction rollers exactly m the ceutare of each aide of the top frame, and aw®* 
jffrljr parallel; this done, the axle haa to lie fcXted Veto \ka stasne w* Nssmnei * 
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f^T-rciaelj at right angles* This has to ho done gradually by putting the axle loosely in 
id plugging it round with roil deal wedges just inserted with slight pressure. Then 
| > t *1 tlui stone on ihe frame with the ends of the axle resting on the friction rollers. Keep 
thv (tone slowly turning, holding a rule against the stone, and drive in wedges from both 
Aide* of the stone at the 4 sides of the axle, and also at the 4 comers* The stone has to 
bo feme 2 way*, so try it on the side as well as the front When you have it as true m 



%he slime wd! allow, cut oflf the hedges, put on the handle, and get some rmo to turn, 
4 3ft an old plane iron or a well-tempered piece of steel, and, resting it on the stand, hold 
it elo<Mj to the face of the stone. Keep the stone dry, and set it going. Work more on 
tlm edge* than the centra, so aa not to hollow out the stone* Keep at it till you have the 
>ne perfectly true and smooth. Do not put on a trough unless yon contrive a plan for 
-itrig and lowering it* A can/overhead is better: a meat-tin, with a fine hole drilled 
in the bottom, will do. A blacksmith ram make a s^t of fittings which will cost about 
ZU, $ is a plate of |-in. iron, 7 in. by Ig in*, with 4 screw holes in it, and with a spud 
in. bug riveted in the centre, at the end of which a small pin-hole has been drilled, 
A i« a plate of |-ln. iron, 7 in, by 1| in., with 3 screw holes in it, bent round to an eye, 
t*i fit the sped very tightly, i U a plate of J-m. iron, 5 in. by 1 in., with 4 screw hole* 
■imi a plate, with an eye in it, riveted in the centre, k is the connecting rod for the 
treadle, made out of g-In. round iron, about 3fi in, long, bent to a hook at one end, and 
to ua eye (to which i has to be attached) at the other* lie a guard (in duplicate) of |4n, 
if*m, i 7 in. by 1 in*, with 4 screw boles, bent aa shown, which posse* over axle and 
lolJen, and screws to tho stand. This must bo made carefully, just to shave the axle but 
w« II clear of the rollers* miao, rest, made out of |-in. iron, 15 in. by If in,, bent as 
ehnwm, ft! 0 in* from the end, with 2 screw holes. Take the piece of wood Ik and cut 
ft ns shown, half of it the Ml width, and the other half 2| in. wide. About } in, from 
the hottiTTO of one of the right side legs, screw g. Underneath the treadle, at the narrow 
wad, screw fc. Hang the connecting rod fr on to the axle. Fix tho treadle on the spud, 
ami raise it about 1 in. from the ground; bring the rod and ©ye forward VSfl. 

trot41c> tourk it and tarew it $n. The length gf tho rod, of course, \a an 
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and will depend on the height of the top of the stand from the ground; it mat b 
d dermined by bendiug a piece of wire to the necessary length. Screw on the gwfr 
7 over the rollers. The hook supplied with the rollers may, if desired, be hung over tb 
axle, on the handle side, and screwed to the wood, and the guards dispensed with, M 
the guards are preferable. Screw the support for the can / into the stand, on thetofli 
side, between the rollers aud the stone. Screw on the rest m, so that the short sm jat 
shaves the stone. A water guard made out of back board may, if wished for, be tseM 
on under the rest at one end, and one to match it at the other, but they are not emojial 
unless you have a trough. (W. J. Stanford in Amateur Work.) 

Rough Furniture.— Perhaps the term M furniture ” is hardly appropriate heieiniti 
commonly accepted sense. Furniture proper will come under Cabinet-making isi 
Upholstery ; but there are some few articles that admit of being made in a rough and 
ready style, simply of wood, and these will come under immediate consideration. 

Steps. —These are shown in Fig. 670. The sides (2) a may be 2J-6 ft. long (high), 

5 in. wide, and 1 in. thick; their top and bottom ends are bevelled, so that the finished 
article shall stand in a slanting attitude. The 

4 steps b are 6 in. wide, 1 in. thick, and increase 
about 1 or lk in. in length as they descend, i. e. 
supposing the topmost of the 4 to be 12 in. long 
internally, the lowermost might be 16k in* I this 
gives solidity by Bpreading the sides. Each of 
these 4 steps b is let about k in. to | in. into grooves 
cut in the 2 side pieces a, and secured by a few 
nails or screws. As the side pieces a are only 

5 in. wide while the steps b are 6 in., there re¬ 
mains 1 in. of step projecting beyond the sides; 
this projection comes in front, where the step is 
allowed to have the full width so as to come 
flush with the outside of the side pieces. The top 
step o differs from all the others: it is long 
enough to have about 1 in. at each end over¬ 
hanging the sides; it is about 2 in. wider than 
the other steps; and into it the upper ends of tho side pieces a are mortised, or W j 
into a groove and screwed. When this half of the steps is complete, a piece of botflU ! 
about 6 in. wide, 1 in. thick, and of a shape to fit flush with the outside of lb 
side pieces a, is firmly serewed to the back of tho side pieces. To this board i * 
attached, by a couple of stout flap hinges, a light frame «, formed by mortising 
glueing together 2 upright strips 2k in. wide by 1 in. thick and 2 cross pieces 3* 

4 in. wide and 1 in. thick, in such a manner that each upright falls at the back of cm 
of the side pieces, while the upper cross piece comes immediately below d and recdi* 
tho lower halves of the 2 hinges, and the bottom cross piece is at the level represented^ 
the cord /, which is attached to it at one end and to one of the side pieces a attheothd- 
The length of the frame e should correspond exactly to that of the side pieces a. Tb 
front top edges of the steps are rounded off. The distance between the steps is 

7-9 in. 

Lcdders. —The simplest form of ladder, and suited only to lengths of 12 ft *»d 
under, consists of 2 pieces of good red deal, about 2 in. by 3 in., placed side by side mm 
14 in. apart, and joined by cross pieces 2 in. by 1 in., at intervals of 8 in., the cross piee* 
living generally let into notches al*>ut » in. deep in the side pieces, and securely naikd 
or screwed. For ladders of greater length recourse is had to a sound fir pole of tb 
requisite length, which is planed smooth all over, and bored through at 9-in. iniesrtsb 
with a series of f- or ^-in. holes. The pole is then sawn in half down the centre, fa* 
ifg 2 yitvw flut on tjje ipsido, but roundup ou tbc cut for the {Hup* 
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oroak T arejeit inserted by one end into all the holes in one side piece, and their 
end* Are afterwards similarly introduced into the holes of the other side piece, Th is 
kl the projecting ends of the “ rounds " or sjiokes are sawn off Hush with the nut-ade 
ts side pieces, a chisel cot is mudo in each of them (the rounds) in the direction of 
length, and the^e chisel cuts are filled by little wooden wedges driven tight Extra 
i fa given in long ladders by inserting an iron rod across under the steps near 
and ijottoitt, and putting a washer and nut on each end to tighten up. 

This h simply a stout frame on -I legs 9-12 in. high, made of quarter- 
rhich may vary from 2 in. eq. for small cades to 3 in, sq, for larger ones. The 
given in the annexed illustration (Fig, 571) are salted to a 9-gal. cask, 
be 22 in. long, 15 in. wide, D iu. high, and made of 2£-in, stuff, of which it 



about 9| ft. run. It will 1 h? seen that the aides o t h are joined to Lhe legs 
e, / by mortice and tenon joints, while the ends <j, h are dovetailed into the siilee a t h, 
joints are secured by pins of oak or red deal driven into holes bored by a gimlet. 

C nd thus made is only adapted to carry tusks stood on end. For holding them 
on their aide, and at the same time giving them a tilt forward to allow all the 
contents lying above the sediment to be drawn out without disturbing the barrel, 
j luade of 2 pieces of board hollowed cut to receive the barrel. For the si*ed cask 
inned (9-gal.), 15 in. will suffice in length and 1 in. in thickness for each piece. 
4 r<? prepared for letting down into the frame by cutting out a piece 2J in. eq. from 
of the 2 bottom comers as at a, and can then be screwed to the cross piece & of the 
c, Previously the cmdlc is formed by describing on the piece of wood an arc of 
corresponding la the size of the cask at tho point where it is to be supported, 
■wing the diameter of the cask to be 15J in., the radius of the circle to be described 
be 71 in., ns shown. This gives the correct arc, but os the cask will Re sloping and 
Bat, the foremost edge of the are must he shaved away till the cask will rest on the 
* breadth of the edges of the cradle e. For the front cradle the kmrd may he in, 
n and for the tawdc 8| in, 

foM*i.—-To begin with a simple example and one where but little finish is necessary, 
w* may be had to a kitchen table described by Cabe in A malm t Meehan iet. The table 
iUfwrte are shown in Figs. 572-584 ; the top measures 3 ft. S in. long by 1 ft. 10 in. 
*, For the 4 legs get a piece of clean yellow pine, SO in. long, 8 in. broad, and 2 in, 
f; line it out so that each piece has a taper (Fig. 574); this is called cutting one out of 
>lh**r. The proper method to line out the wor>d is *—Draw a line down the middle, 
’h will give % halves, each 4 in, broad; from the outer edge of each half, murk %\ h\. 
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face to end. The dovetails are cleaned ncaily nut with narrow cMbpIbi and the e 
of the sides pared, after sawing off, to the gauge lines. 

The drawer stuff, all dovei ailed, hna to be pinned on the inside and snndpft 
then try if the fronts and backs inter their respective sides ; after which glue Is 
follows, and this rule will bold good in all work of a similar kind :—Take a drawe 
and the corresponding aid©, put some glue with a small brush into the recesses in 
front, taking car© to allow none to get on to the inaer face ; put n little on the era 
of the stilo and on the 2 cut-out corners ; stand the front on the bench, glued ci 
enter the side, and mp it home with hammer and a bit of wood; turn it over 
bench, the side standing vertically ; see that the junction inside is perfectly close; 
a large square inside and press the side to agree with the square. This done, i* 
back belonging to this drawer, put glue on the pins to enter ibis same aide, enter 
mp home as with the front. Glue the remaining end of front and back, and rap 
remaining side, Sec that the inside junctions are si I close. Lay the drawer Hat 
on the bench, and square it with a foot rule, applied from corner to comer. 

When both drawers ore glued, lay thorn aside, and prepare the bottoms. Tht 
of |-in. wood, and if not broad enough may bo jointed wit h |-in. match-ploughs, 
thin join Ling, mark the best side of each piece, place in tbo bench-vice lug with n 
side next you, plane straight with half-long. It is usual to work the feather* 1 
narrower piece, if there is a broad and a narrow; it is also usual to work the I' 
first. The groove and feather made, rap the joint up dry to see it is close. If 
perfect joint, use thin glue made by dipping the hrifeh into the boiler of the gl 
Apply the glue directly with one stroke of brush, and rap the pieces togvlbc 
smartly with a mallet; they should need no cramping. When glueing of the b>U 
set, plane up both sides with half-long, one edge and one end squared to each 
hand plane inside of each bottom. Take the drawer bottom—plane, and make a 
by running a groove in a piece of wood 4 in, or 5 in, long. Lay the bottom® face do 
the bench* and bevel the edges now uppermost for about 1J in. inwards* bringit 
thickness down to the size of groove in gauge (Fig. 584), la which *j is the gauge 
the bottom. This done on front edge and one end, find 
the length to cut the bottom, by placing one corner In 
the groove at bock of the drawer ; nmrk at the bottom 
of opposite groove. From this mark cut lhe bottom to 
the square, and bevel the back to lit gauge as before, 
sandpaper the boLtoms inside, and before driving them into their places, tr 
they enter hoth grooves by inserting the bottom, both buck and front edgve, b 
if wider at the back, they will burst or split the sides. All being correct* drive 
down gently with mallet, and see that they enter the groove hi the front to tl 
depth ; see also that the sides arc perfectly straight and nut bulged in the middle. 

To block the bottoms, glue on fillets | in. broad, and § in. thick. These are fil 
the drawvra along the bottom and side* and must be bevelled to the required 
They are well glued, and rubbed in with a motion length way, when they will take 
If they do not lie close along their length, cut l hem into 2 or more pi coos before gt 
2 or 3 short blockings of this kind are also glued oil behind the front; these rnav 1 
or 4 in. apart; whereas those on the sides are continuous, being subject to wear ir 
use. These blockings should harden for ti or 7 hours, after which drive 3 nails sb 
in. long through the bottom into the back. 

Fit the drawers to the table frame by planing with jack and half-long. First 
the breadth of ihe sides to enter easily, then place ft piece of board zeroes the 
catch the drawer in the bench lug, and let the side resfr upon lhis board. Flan 
sides and try into frame: when they push in with an easy motion* but not loos*' i. 
to shake, they may be hand planed, the back dressed off, and the front planed to 
rreu with (he face of the frame, They vamK sUi^\xid at the back by gt 
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in. less than the thickness of rail (see Fig. 577). Gauge for mortices m before, 
marked fact's, a* in the case of Fig. 577 from both faces, as there are 2 mortice* 
eadth- 

i the legs for morticing on the bench as in Fig. 575. Mortise For the rails 1J in. 
d for the stretchers If in, deep. When mortified clean out, blaze with a T B j*in, 
iking care not to brnbe the edge of the mortices, which should b© smoothed a 
the ffides with n chisel, but net pared wider, or they will be too wide for tenons- 
f in the rails and stretchers—first of all for tho 2 ends, as they are cramped 
first. Draw in the two end mils Id in. long between the shoulders: this will 
"do ns 1| in- long. Draw in the back rail and the 2 front rails over and under 
r era, B2 in- long- This y drawing-inmeans marking them across with square 
iug knife for shouldering. Place the 2 end rails edge up on the bench, mark 
., and square both across. Then from these lines square and mark both sides 
‘ail, The cutting knife is beat for Ibis marking, making a good deep cut, which 
i * channel or guide for the dovetail saw, 

tgh the shoulders of the 5-in- rails are square across, it will be evident that the 
ft of the stretchers a, Fig. 573, are bevelled, arising from the taper on the feet 
ind the stretcher is also somewhat longer than the rail. Now to find this length, 
bevel, proceed as follows:—To find the length, place a pair of the legs together 
mud screw at lop, mortices together; at the stretcher mortice they will be apart 
in-, and this is the extra length over the mils. To find the bevel, square aeroffl 
of the taper of a leg from the outer face with bench-square and pencil, and w ith 
square or bevel stock set the blade to this line. The stock being on the inner 
side of leg, the bevel thus found is that for stretcher shoulders, the bevel stock 
urked from upper edge of 8 tr etc her- Tbo shoulders being marked, shift the 
mortice gauge £ in, nearer the spikes, and gauge rails and stretchers from the 
e. Thus they will be J in. within the surface of the legs when ©ramped together- 
rail under the drawer is flush with the legs, and must bn gauged same as tho 
, then shifted to fit the second or inner mortice; see Fig. 577- For this reason 
and leg© should be gauged together, as it saves time and shifting of the gauge, 
nM*.r? are cut in with dovetail saw, and the tenons are ripped with a tenon saw* 
e mils have a piece cut out for the bridge in the mortices, and a rebate of 1 in. at 
‘r edge, which will leave 2 tenons a little over 1| in. broad. They should bo a 
m m length than the depth of mortices- The tenoning being finished, the 2 
© a. Fig, 573, are mortised for long stretchers 6, Fig. 572. These mortice* are 
it a, Fig, 573, where tho tenons come through and are w'edged. The long 
a are ft in. apart, and the mortising is exactly as that for the rail below drawers 
t into legs, and also at the division between the drawers- This King done, the 
if tb© legs are hand-planed and sandpapered, as also the faces of 54n» mils and 
■« all round. 

the cuds are ready to cramp together. Cut a little off the comer of each tenon, 
that they enter their respective mortices before glueing. The glue should be 
l while one heats the tenons at a fire another puts glue in the mortices with a 
;h- A very little glue will do on the tenons. The object of heating is to prevent 
getting chilled. In cramping up, protect th© work with bits of wood under tho 
the cramps. When cramped, see that it is square by gauging with a rod from 
* comer, diagonally between stretcher and rail ; also se© that it is out of twist 
irk b well done, the cramp may come off at once, as th© shoulders will stay 
f ill performed, no amount of cramping will ever make it a good job. Another 
it tiling in cramping thee© table ends, and in all kinds of mortised framing, is to 
the legs are not pressed out of the plane of the rails- If th© jaws of the ©ratup 
too high, then the legs are slanted inwards. If, on the other tumd, lb® 
w, the legs are turned outwards, that th© point of prem?® 
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the centre of the thickness of the mile. When cramping piece a straight*^ itnl 
the 2 legs ; the at might-edge should touch the lege on the whole of their lirwdtji-tltt Hfc 
they will not be winding. 

The 2 ends being framed together* the next operation is to fill them hi fur 
guides* Tliesc consist of pieces of wood 2 in, broad, and thick enough to flush th* t*i* 
legs, fitted in between the legs, and glued to the rail®, being kept flash with tbetawB* 
edge of rail* They ihould be fixed down with hand screw®, and laid K*irte far ut te A* 
or so, after which they are planed at might and flush with the lego. The tops nftblH 
front lega arc cut off flush with the edge of the rails, and planed ; then the 1-1111 nil ■ 
over the drawers is drawn in same length as that under* and a dovetail made m I 
end about 11 in* long. These dovetails are drawn on the tops of the legs* and lbs ft* ■ 
out to the depth required—namely * f in. The space from this to the 2 morlfotc aak ■ 
the drawer is the length to make the short upright division, or fore-edge betas* Ik I 
drawer*. This haa a double tenon each end* eame as for the stretchers, the 2 raibbexs ■ 
mortised to receive it; see Fig* 578, which is the frame without drawers m tnp, Tk I 
rail below the drawers is mortised to receive the erase rail a (Fig. 578), which u 1n* I 
for both drawers It is 3 in. brood, and same thickness as front rail ; one end is & ■ 
to enter the- front rail, w hile the opposite or back end baa a dovetail, and is let in fte 
into the under edge of the back rail ; its position is from front to back* atid is tbs 
centre of the frame. The mortice and tenon being prepared, the proper length of thi | 
rail will be found when the frame is cramped up, and stood on its legs. 

To find the length of the long stretchers, place the 2 ends together, with the matte 
towards each other ; catch them in a hand screw at top, when you can measure tia 
between the eud stretchers : this is the length that the long stretcher* are to l* u 
excess of the rails at hick and front. Tenon the long stretchers to fit the moftieclM 
cron® ones ; all mortising and tenoning being done, hand plane all the parts that emfld 
afterwards be reached, before glueing up. Being now ready to glue the frame up, wtt 
cramp to about 3 ft 2 in,, which will allow of 2 pieces of wood to protect the job T« 
l*ick mil, front rail below drawer, and 2 long stretchers all receive glue* and are fllH 
in their places at once* Insert them all into otic end, first with the hands* then tan 
thorn over, and insert them in the other end ; now rap them nearly home with » jte 
<>f wood and a hammer ; thou apply the cramp* It is almost necessary for 2 persons la 1 
l»e nt this part of the job, one heating tenons, and afterwards assisting with the rratn^ 
Cramp all the shoulders close, wedging the long stretcher® with the cramp in the 
Lot wee ii them* 

Glue and insert the abort upright mil between the drawers, thou above Ibis thr 
with 2 dovetails : press the short upright home with a small cramp or a hand acre* ifl I 
either side of the projecting tenons, and drive in wedges ns explained in glueing tk | 
long stretchers. Hap home the dovetailed ends* and drive a 2-in, nail through them lit’ | 
each leg. You will now find ilie cornet length of the rail across the centre^ which Ihty 
dovetailing into buck rail* Blake 2 bearing fillets, 1 in* sq„ and nidi them land® d | 
each eud and level with the front rail, when they will be on the same level with tt* 
imitre bearing rail, and support the drawers properly on both sidoa. The 2 drawers *« 
made with fronts I in* thick, and tire fitted closely into the aperture* to racem the* 
Mark the front on the outside thus, a* when you will always know the end to h? bft 
uppermost Plane the bottom edge first, then make one end square, assuming tli*t h* 
aperture is rectangular. Place the front against the aperture, with the squared tad w 
it* place, and draw the other on the inside with drawpoint* Saw off And square tb* 
end with the plane cm ihe shooting-board. Having got the end® to the exact letigtL 
plaoc the front against the aperture again, letting the lower edge enter a little nj. 
Draw again along the upper edge inside, and plane down to this mark. These to»* { 
Should fit tight, and at present it is sufficient if they just enter* Cut out 4 aahs of H* 
WO(xL drew find fqtwife the eiida m the porter (ban tfoc width £ro 
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f full to inside of busk rail* These 4 sides may Iw at present a little broader than 
iisked aide. Groove the sides and front with a drawer-botlom plane, and make 2 
exaclly same length as fronts, and 1 in. narrower ; these are also | in, thick, and 
to grooves like the sides have. Being ready to dovetail, set the eutLing gauge to a 
Ig le*« than the thickness of sides ; gouge all tfie pieces w th this—the fronts on 
Hit face and also on the end wood, ganging from the inside ; then the backs and 
)L both sides. Mark on the fronts 4 pins, as in Fig. 579, and on the Lwks H pins, 


MS. 




'ig 580, cutting down to the gauge lines. The backs are cut from both (.ides, as 
■ through * dovetailing, while the fronts are only cot to a depth of f in, 
draw the side* for dovetading ; Place a pair of sides in position, groove to groove 
*81), and, taking a front, stand on the end of the side flush with gauge line, and 
m grooved edge. Draw close to each pin with the drawpoint, reverse the front, 
aw on other side same way. Turn the sides cud for end and draw the hacks in 
tie way, having each back marked so that you make no mistake when fitting the 
4 together. Observe by Fig. 5S2 that in drawing the back pins* the back is placed 


m. M2. b*l 



IrLTlTL 


ith the groove in the tide, as the bottom slips in under it—in other words, the 
in the sides is clear of the back to receive the bottom. The pieces to be taken 
the sides are ripped with a dovetail saw, and cut out with a £-in. chisel; these 
are 3 al th© back end, nnd 2 at the front, with the 2 corners cut out ns in Fig, 

In dovetailing, it must be observed that the thickness taken by the cut of the saw 
onic off the piece to be cut out—in other words, the piece cut out is exactly the 
within the drawpoini lines, ho that the pins from which they were drawn will fit 
in the openings thus made. In ** through " dovetailing, which is out from both 
he chisel is inclined very slightly to cut inwards, which allows the sharp cdgsu to 
loerly and neatly against the adjoining part when glued up : this is called making 
i) " in the centra. The same remark applies in dovetails not through, as un lh» 
r front*, which are Rightly "km n »i the bottom both vW\ tarn 
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face to end. The dovetails are cleaned neatly out with narrow chisels, and the onto 
of the sides pared, after sawing off, to the gauge lines. 

The drawer stuff, all dovetailed, has to be planed on the inside and wndpspadj 
then try if the fronts and backs enter their respective sides: after which glue its* 
follows, and tliis rule will hold good in all work of a similar kind : — Take a drawer M 
and the corresponding side, put some glue with a small brush into the reoeoei mold 
front, taking core to allow none to get on to the inner face; put a little on the end id 
of the side and on the 2 cut-out corners ; stand the front on the bench, glued end % 
enter the side, and rap it homo with hammer and a bit of wood; turn it over <a ftl 
bench, the side standing vertically; see that the junction inside is perfectly dose; qyt 
a large square inside and press the side to agree with the square. This done, take A 
back belonging to this drawer, put glue on the pins to enter this side, entered 
rap home as with the front. Glue the remaining end of front and bock, and rap os At 
remaining side. See that the inside junctions are all close. Lay the drawer flat dm 
on the bench, and square it with a foot rule, applied from corner to corner. 

When both drawers are glued, lay them aside, and prepare the bottoms. Thmfl 
of {-in. wood, and if not broad enough may be jointed with {-in. match-plough*, ft A 
this jointing, mark the beBt side of each piece, place in the bench-vioe lug with vM 
side next you, plane straight with half-long. It is usual to work the “ feather" »Al 
narrower piece, if there is a broad and a narrow; it is also usual to work the MM 
first. Tho groove and feather made, rap tho joint up dry to see it is close. If it A 1 
perfect joint, use thin glue made by dipping the bru*h into the boiler of the 
Apply tho glue directly with one stroke of brush, and rap tho pieces together 
smartly with a mallet; they Bhould need no cramping. When glueing of the bottom* 
set, plane up both sides witli half-long, ono edge aud one end squared to each oAs! 
hand plane inside of each bottom. Take the drawer bottom—plane, and make a pm 
by running a groove in a piece of wood 4 in. or 5 in. long. Lay the bottoms facedom* 
tho bench, and bevel tho edges now uppermost for about 1{ in. inwards, bringing A* 
thickness down to the size of groove in gauge (Fig. 584), in which g is the gauge tfM 
tho bottom. This done on front edge and ono end, find 
the length to cut the bottom, by placing one corner in 
the groove at back of tho drawer ; mnrk at the bottom 
of opposite groove. From this mark cut the bottom to 
the square, and bevel tho back to fit gauge as before, 
sandpaper the bottoms inside, nnd before driving them into their places, try AA 
they enter l>oth grooves by inserting the bottom, both back aud front edges, beam 
if wider at the back, they will burst or split tho sides. All being correct, drive tin* 
down gently with mallet, and see that they enter tho groove in the front to the fiA 
depth ; see also that tho sides are perfectly straight and not bulged in the middle. 

To block the bottoms, glue on fillets $ in. broad, and {in. thick. These are fitted A 
the drawers along the bottom and side, and must be bevelled to the required j 
They arc well glued, and rubbed in with a motion lengthway, when they will take boA 1 
If they do not lie close along their length, cut them into 2 or more pieces before glueiagl 
2 or 3 short blockings of this kind ore also glued on behind the front; these may be 3* 
or 4 in. apart; whereas those on the sides are continuous, being subject to wear in 
use. These blockings should harden for 6 or 7 hours, after which drive 3 nails atari U 
in. long through tho bottom into the back. 

Fit tin? drawers to the table frame by planing with jack and half-long. First redoes 
the breadth of the Bides to enter easily, then place a piece of board across the b«A» 
catch the drawer in the bench lug, and let the side rest upon this board. Plane bttk 
sides and try into frame : when they push in witli an easy motion, but not loose 
to shake, they may be hand planed, the hack dressed off, and the front planed to 
even with the foce of the framq. They ^ by glueing tm 
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to the back rail* Push the drawer in -J In. beyond the fneo of the frame, 
bito of wood in the sp ice left at the buck, A guiding ill let is also fitted 
i 2 drawer* and running from the short upright to the buck ; this should 
■Lght The draw era should pull out and in easily; and without sticking or 

le frame is cleaned off with the hand plane in all ports, the topi of tiro back 
; off, and the upper edges of mils planed, to receive the top. The frame fa 
ry 1 ft 8 in* broad, and the top 3 ft, 6 in. by 1 ft, 10 in. It Is planed both 
half long, und squared, then nailed down to Frame at back und ends ; the 
.eued by 4 screws passing upwards through the rail over the drawers. The 
ed fiat to agree with a straight-edge, hand planed, and sandpapered ; each 
minded off and sandpapered. The nail holes in the top arc stopped with 
r . The bottoms of the legs are cut all to the same length. Turn the table 
:e 2 straight-edges, and place one across each pair of feet: the eye w ill at 
; whether the legs are all one length or not. Cut a little off the foot that 
straight-edge too high. Bore a |-in, hole in the centre of each drawer front 
potent gebra knob. 

Bed form of kitchen table U shown in Fig, 5S5, The slab a is 11 in. thick ; 
are 2 ft, 2$ in. high 
to slab, 3 in. square, 
ightly bevelled inside; 
arc 41 in. deep, and arc 
each end d by means of 
enoft, lot into mortices 
to the depth indicated 
nnef half of tbo tenon 
h*s line / on d entering 
Iy so far as the line y 
norfciee and tenon joints 
uid pinned with wooden 
* top is f&stoued down 
a bv one of the following 
-<» It may be screwed 
c os at h, by making 
Tcesa in a and driving 
somewhat diagonally, 
to he stout enough for 
; (2) it may be nailed 

down from above, the holes in the slab being afterwards stopped with putty : 
be secured by a number of wooden buttons placed about 1 ft. apart all round 
li r.vetoing on a screw ns at t, tho flange on the button k fitting into a groove I 
rail t' r thu plan presenting the advantage that the top may bo removed and 
fUL The rail e is generally M blocked/* or strengthened by a series of 
f wi»lfju blacks m glued into the angle between the top a and rail c. 
is traction of a gipsy table is a very simple matter. This form of table 
■ topi usually round, supported on 3 legs, which converge from near the 
the top to a wooden ball about midway In height from tho top to the floor; 
..ill start 3 other legs diverging so as to constitute a tripod stand. The top 
Its u built up of boards pinned together* and is usually provided with a 
ter, Underneath the top is attached a second thickness of wood to receive 
and* of the 3 top legs. The lower ends of the top legs and the upper ends of 
legs tit into holes in the ball, and arc secured by glueing, 
jrt? example of tho amwgeaicJi to adopted for supporting U\An 
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suffice. This consists in having crossed legs (^-shaped) at each end of an oblong 
see Fig. 586, a. The top is formed in the usual manner of {-in. boards joined up 
tongueing and grooving and by glueing, with 2 or 3 cross ledges b screwed on 
to give additional strength. These cross pieces should come so near the ends of 
top a (say within 6 in.) as to afford space for the legs e (top ends) to abut against 
and be flanked in turn by a rail d without the rail comiug within say 2 in. of the edgs 



the top. The legs c are of red deal, about 3 ft long, 6 in. wide, and 1} in. thick, an! 
ore halved into one another where they cross. They are held in position by the rail 4 
and the bar e at top, the latter being run the full length of the table and pinned ontsidi 
at each end/; and by a second stouter rail g passing through the legs at the point when 
they are halved into each other, and held by a pin at h. It is obvious that any desired 
ornamentation by carving, &c. t can be given to the legs and rails. 

Seats .—Seats are of miscellaneous kinds, ranging from rustic garden chairs to iwi 
benches and the most elegant specimens of artistic furniture. Here attention will bs 
confined to simple forms. 

Box 8tool.—The box stool or ottoman consists of a box without a bottom and with* 
stuffed lid, supported on knob feet. One is shown in Fig. 587. The box a is formed«f 
4 pieces of wood, 12-15 in. long, and 3 in. 
wide, dovetailed together. The top b is 
nailed on so as to cover the whole and 
overlap $ in. all round; this supports the 
stuffing c covered by a piece of carpet or 
woolwork. The interior of the box is left 
empty. There is no complete bottom, but 
a wide strip of wood d is nuiled all round 
the bottom edge of tho sides, and into this 
are screwed the 4 knob feet e. A bead / may be run round in the angle betw«nft*j 
strip d and the sides of the box. The stuffed top c may be made separately and j 
wards attached by screws from the inside. j 

3-legged stool.—This is simplicity itself. The top or seat proper consists d » 
circular blub of wood 1J in. thick having 3 1-in. holes bored through it at eqnidM** 
intervals about 1J in. from the edge. Into these holes are driven the stout rods fonsK 
the legs, the holes having been bored somewhat sloping so that the legs may diwsfg® 
outwards to give solidity. When the legs are driven in quite tight, the portion wtf* 
projects above the seat is sawn off, and a wooden wedge is driven firmly intoadiirf 
in the top of each leg by means of a chisel. If the legs are less than 1 ft. high 
rails will bo needed; but if more, they should be strengthened by joining them togd** 
with J-in. wooden rods let into holes bored in the legs at about -J the height of ^ 
Boat from the ground, and secured by gVue, 
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Chairs,—A abort description may be given here of the general principles underlying 
the construction of chairs, with some illustrated examples of the commoner and rougher 
kinds, showing how they are made and repaired. Briefly, a chair consists of a more 
4 .r lew gat “Beat” or slab supported at a convenient sitting height above the floor 
on a Wooden framework formed of 4 legs joined by cross rails ; on one side, these legs 
are prolonged upwards to constitute the “ back/' and, on each of the sides adjoining 
the hade, they may be similarly heightened to produce M arms." The framework may 
I e plain or ornamented, and the materials of the seat may bo wood, cane, rushes, 
or a M stuffing" (horsehair, flock, &c.), enclosed in a textile or leather covering. 

A very cheap and simple kind of chair known as the u cane-bottomed, 1 * is shown 
la Fig. 58$, a is the back, cut out of 2 pieces of wood to the required shape, and 
etreagthened by 2 flat mils b completing the back of the seat, nnd by a round rail o 



CDtn pitting the back of the legs. The seat consists of a Front rail <f, buck rail c, and 2 side 
piiii/. The front legs g are similarly joined by round rails A, and U-t into the front mil d 
tA the seat, The front legs g are connected with the back kgs t by means of round mils fr* 
The joints are all made by mortices and tenons, and are well glued, and clumped. 
There is a tendency in light chairs of this description to suffer injury in the frame, 
generally in one of the pieces /near where they join the hack rail e. One good plan 
for repairing such an injury is to introduce a atrip of wood f from bernuth, just long 
enough to lit tightly between the 2 legs ( and to fasten it by screws into the hack 
frame e and both sides /. Another efficient method is to rctew a email angle-iron m 
to the injured frame ami to the leg nearest it. As implied by its name, the seat of this 
chair is formal by stretching strips of rattan cane serosa it in ihe manner of a network, 
allocking them to holes bored for the purpose in the frame of the seat, and scouring 
them by little wooden pep driven into the holes. It may be mentioned that the frent 
part of the frame of the seat should be wider than the hack, ami made rounding in 
fdmpe; the front legs may be perpendicular, but the back legs should diverge gradually 
towards the feet. 

The Windsor, kitchen, or wooden sen ted-cb trir is even simpler than the last, the 
at at ounaisting simply of a somewhat dished-out slab of wood, attached to the front 
leg* by having them inserted in boles bored into it* and to the buck by mortising. 
The seat should tie of dm and the back and legs of beech. These chairs, though 
strong, ore liable to injury from being used for improper purposes such as carrying 
clothes while drying, which causes warping and shrinkage, and consequent looseness of 
joints. Such evils may be remedied by reglueing and clamping S. 

broken fail may be replaced hr a uew one, but u broken leg b|tnem\l| 
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approaching neat repair. Frequently one comer of the seat will split away at the ten* 
where the leg is inserted. This may be put right by temporarily removing the leg, wad 
boring (with a centre-bit) 3 or 4 hole* laterally in the wood, from the edge towards 
the centre of the seat, filling them with wooden pegs dipped in good hot glue, tad 
clamping till quite dry and firm, when the leg may be reintroduced into its place. 

A rough handy wsshrtand of simple design is shown in Fig, 

The legs a, of 2-in, or 2|-in. wood* are shown square, but may of course be pounded it 
the comers by a plane, or completely turned in a lathe, in the interval* between 
the joints, this being done before 
the morticca are cut. These 
latter will bo 2 in each inner 
face of each kg—an upper to 
take the tenons on the bearers b 
that carry the top c, and a lower 
to receive the supports d e of the 
drawer /. The mortices should 
lie cut deeply but not quite 
through the kgs, The bearsra 
& cl are 3 in, wide and M in, 
thick, placed edge upwards; «r 
are only 11 in. wide and laid flat. 

All are best situated about the 
centre of the width of the legs, 
and therefore flush with neither 
the back nor the front. The 

2 side bearers d have little strips glued and ticked inside cn a level with the toy 
edge of the lower bearer e, on which the drawer / is supported and can slide to and fra. 
The drawer/ is made with half-lap dovetail*, m the tool chest, Fig. 5fi5 ( p. 230, Hie tip 
should be made complete before it ia fixed to the stand. Its table e will require to 
ba cut out of 2 pieces to gain sufficient width. These must be pirmed and gk&l 
securely together, and further strengthened by strips attached beneath while cutting 
cut the circular hole g* This latter operation is effected by means of a fret-saw or Uy 
hole saw worked with the face of the table towards the operator. When the table of tin 
top is so fur complete, the back h and sides t are attached, being first dovetailed togrtk* 
at the comers, and then hradded or screwed to the table from the other ride. It mill bi 
seen that the table e is large enough to project about 2 in, beyond the frame on «ai 
bide and 1 in. in front. It is fixed to the frame by first glueing some triangular block 
on to the rides b, inside the frame, and flush with the top of it, one in the centre f 
each side A, in such a way as to offer a flat surface at top, which may take some of tk 
bearing of the table o. When these blocks are quite firm, their upper surface, «* 
well as that of the whole frame, receives a coat of glue, and the complete top is lari iu 
place. It may he further secured by driving a screw through it and into the top of tk 
kg at each corner, allowing the heads of the screws to bo countersunk and hiding tin* 
by putty before painting. The withstand is completed by fastening a board Jr, cut »>m ft 
tho ooniera so as to fit between the legs, over the drawer /, and ranching a little try-mi 
the bearers il, 

HnUfead .—A simple yet comfortable trestle bedstead is shown in Fig. 5IK», whkh 
is an ond view looking at the head. The frame consists in tho main of 2 lengths «f 
dm! is, about 3 in. by 2| in., planed off to tho sectional shop© indicated in the figure 
into which are mortised 3 sets of cross legs &, formed of bard wood 2 in. *)„ «i*k 
the feet cut sloping as at c, aud joined at the centre by a bolt and nut d. To silo* for 
fAe fag» crewing each other, it Is obvious that the mortices in the rails « for recrinuf 
|ht> ends of the kp b must nut "be opvo&Vte oavU AroX the w idth J lk» 
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l«g apart, The pairs of legs are situated one at each end and one in the middle. 
Throughout the whole length of the bedstead, coarse sacking a id strained tightly across 
from one rail to the other, and brought round the corner, where it is securely nailed* 
This Kicking prevents the leg.* opening too wide, and forms the support of the bed and 
its occupant* An additional solidity and finish is given by attaching n head-board /* on 


B90. 



which arc arrowed 2 strips of iron g brought lo a pin form at their free ends, and 
dropping into holes bored for them in the rails a* By removing the head-board /* the 
bedstead may be shat up so as to occupy very little space* A foot-board may bo added 
in the same way* and will farther strengthen the structure* 

Equally simple in constructive detail, only requiring more wood* is the ordinary 
4-post bedstead* As to material, almost any wood but deal is suitable* ©* g* beech, birch, 
oah* mahogany. The joints are all simple mortices and tenons* with the addition of a 
special feature in the shape of a bed-screw. Dimensions vary with requirements; 

6 ft. long by 5 ft, wide to 5£ ft, by 4§ ft forma a “ double " size ; 5| to 6 ft. by 3} ft. 
is a ** single ” size ; and cots are made smaller for children* The section of the frame 
timber may ran from H in. by 2| in* to 3j in. by 2 in.* according to tho size of the 
bedstead* These measurements refer to the rough Umber, and a^e reduced considerably 
by the planing down and perhaps turning* The legs may be 3| in. eq, in the rough. 
Their length will depend upon whether there is to be a foot-board* head-board* tester* or 
other addition to the frame* The height of the frame above the floor varies from 
12 to IS in., and the posts should tu any case stand up some 12 or IS in. above 
the frame, both to enclose the bedding and to afford sufficient material for the mortices 
which have to support the frame. When the legs are of minimum length they need 
only be planed smooth and square* and covered with a piece of chintz or other material* 
corresponding with that which is bung around the aides and ends to All up the space 
between the frame and the floor ; but when the legs are prolonged upwards to support 
h«td-bo*rd and foot-board* it is almost imperative to turn those portions which intervene 
between the mortices* or the appearance is very mean. The plan of the bedstead having 
\*een decided on, the 4 pieces for tho legs and the other 4 pieces for the frame 
ore planed up smooth and square* On tho sides of the legs era marked where the 
kztnriiec* have to be cut for the reception of the ends of the frame* remembering that 
In each case there will be 2 contiguous sides of the leg to he mortised. Before 
proceeding to cut the mortices* which need only bo $ in, deop* it Ya 
to mark tha spot where a hole is to bo bored for the msertwm ot lYvt * 
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Now, each poet contains 2 mortices, as at a. Fig. 591, and a screw has to be inserted 
through the back (not hide) of the mortice and into the end (not side) of the 
tenon; consequently the hole for the screw muht be exactly in the centre of' 
the poet so far as its width is concerned, and this is ascertained by drawing diagonal; 
lines, the centre being their point of junction, as st b. But as there are to hi 
2 screws inserted in ihe post, one b’for the mortice which is hidden in the cut, and 
another for the mortice a, these holes must not be on the same level, or they wndd' 
cross each other in the middle of the post—one must be at least 1 in. higher than the 
other. To ensure these holes being bored quite straight, it is well to mark oppnrito 
sides of the post, and bore half-way from each side. The size of the holes should bs 





such as just to admit with ease the bed-screws available for the job, several sizes being i 
made. At the outer surface of the hole a recess is cut to allow the head of the bed-screw 
to drop in out of the way. When the holes are completed, the mortices may be cot; 
and after this the legs may be turned according to any desired pattern, so long as ths 
portions carrying the mortices are not interfered with. Next the tenons are cot ct 
the ends of the frame-pieces and fitted into their respective mortioes. Whilst in tliii 
position, each hole which has been bored in the poets is continued into the end of tto 
frame-piece corresponding to it, as seen by the dotted line c, the hole being carrieds 
little deeper than the full length of the bed-screw when its head is reoewed. U© I 
holes will be alternately a little above and a little below the centre of the tenon, toadaft M 
of the screws crossing each other, and not in the exact oentre. When a hole if finished I 
a notch is cut into the side of the frame-pieoe, as at d, with a sharp chisel, just lap I 
enough to receive oomfortahly the nut of the bed-screw, which must lie ao that it ■ ■ 
central with regard to the hole for admitting the bed-screw. The nut is madeqrtlfl 
tight, so that it shall not revolve when the screw turns in it, by wedging in a little df I 
of wood, previously glued. When all these preparations have been oompletod, ft* ■ 
bedstead is put together by inserting the tenons on the frame-pieces into the motto* I 
in the legs, and screwing all up tight and firm by the bed-screws. If there is to be* V 
foot-board, it is recessed a little into the legs, and a rail is then generally added shove • ■ 
to connect the tops of the legs. The head legs may also be of a height (5 or 6 ft.) k 9 
carry a canopy, the frame of which is mortbed into the legs and further sopped^ 
by angle irons. The recessed ends of the bed-screws are covered by little turned wood* 
cups made for the purpose. 

Chest of Drawers .—This article of furniture may be divided into 3 parts—the** 
or frame, the cross pieces or partitions, and the drawers. A rough form is illustistoJfc 
Fig. 592. The sides a and bottom b of the case are of 1-in. pine about 18 in. wide, ft* 
bottom is let into a v-shaped groove in the sides, and further supported by blocks 
on to the mdm all round underneath The exees c <2 are dovetailed into ftf 
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, 0 f the aitiea f and serve to hold the shies from spreading nut. The cross pieces 

* ,j mortised into the side* of the case, hut not bo that the tenona come through to 
a outvie «>f the ease, The bide ledge* h running back from the cross pieces on each 
Iv> r»f tlie €raee ere glued and screwed to the sides. A board h *1 te* wide and 1 in. 
kik, is notched into the cross piece c and the bottom b and supports by a mortice 


mi. 



the hearer k , whose other end is mortised into the cross piece e; this bearer k carries I ho 
«idea of the 2 small top drawers, A strip l placed edgewise on it is screwed from beneath 
rm to the hearer k, and is op Jared in front by a vertical partition m mortised into I he 
ertka pieces d «. The back, which is next put on, consists of alternate pieces of |dn.and 
J-iti. ituC the outer ones, as a, being j-in .; these pieces are nailed to the cross piece e 
at lop and to the bottom fe, and the sides a are nailed lo them. The thicker pieces n 
W* their edges rebated so as to cover tho^e of the thinner ones o, and thus the surface 
of the hack is flush inside but irregular outside. The top is made of !-in. pine, screwed 
«u Id the cross pieces c d and to 2 strips p from below, and lying flush with the back but 
Reeling 1 in. over the sides and front. The strips p are fastened to the sides a by 
The sides a are made in one piece, and are cut out at the bottom; angular 
TNfce* r glued into the front below the bottom drawer then give the jipja-arwuce of 
ilirurf Ic&k The drawers are made of i-io. wood in the fronts, |4n. in the sides and 
Wk, and (-in. or t yin. in the bottom. Their construct inn rcssmbkf that de cribed on 
V* tEK), The completed article may be painted, stained, or polished. 

The preceding is net a very workmanlike plan* A superior way is m lblluws ;— 

Hie oue la made like a box turned up on end, all i he corn era having dovetail joints. The 
algeacf the bowdii which dome at the back of the ehe&t nt& rehated about | of their 
ihiikubaa to admit of letting the back in so as to lie flush with the sides, top, and 
bittoim The partitions for separating the drawers are made so as to completely cover 
Ite tinwer immediately beneath, and ere not merely strips for giving awppoiV; 
kl into groove® previously out for them about | in. deep into the sides ot ctanktwaA* 

% % 
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instead of being formed of single board#, which are liable to warp, are built up <4 
frames and panels! after the manner of a door, the joints being made by tongues tad 
grooves, with mortices and tenons at the angles, and wooden pins driven through Thi 
top is formed of an extra slab laid on the top of the case, projecting at the sides *wJ 
front, secured by scre ws from below, and having a bead or moulding rtm round under 
it. The back is constructed of thin panelling, glued and bradded into the rebate in the 
aides. Tiie bottom is added in the same way as the top, and may project father matt, , 
A moulding is also run round it. The legs should be turned, and are fastened to tto 
chest by a beech pin screwed into them and into stout beech blocks under the botton 
corners of tho case, 

drawer,—A useful form of kitchen dresser, removable at pleasure, is shown m Fig. 
593, It ia constructed out of best clean yellow pine, French polished. The ends i» 
formed by 2 gables a, 5 ft. 2 in, 
high, 20 in. wide in the full body, 

10 in, wide at the top drawers 6, 
and 1 in, thick. They rest on 
strips e, 2 in. aq., and projecting 
24 in, in front, to which they arc 
mortised. The 3 large drawers d 
are surmounted by a slab e, 4 ft. 
long, 1 j in, thick, projecting £ in, 
beyond the front of the drawers, 
and at a height of 3 ft, 2 in. above 
the flunr. Being of the same width 
as the gables (20 in.), this slab does 
not reach the back of the dresser 
by $ in,, thus leaving a space for 
the hack lining. Boards /, 4 ft. 
long, 9f in. wide, and f in. thick, 
are placed above and below the 5 
small drawers 6, which latter are 
separated by partitions 7 in. long, 

31 in, wide, and £ in. thick. The 
fronts or the large drawers d are 
6 in. wide, and of the small ones f> 

2 £ in. Thorn is a clear space h 
10 in. high between the 2 rows of 
drawers. As indicated in the 
drawing, the joints in the frame are made by mortices and tenons, the latter being 
of full depth and diagonally wedged. A shelf i, 4 ft long t 18 in. wide, and 1 tf- 
thick, divides the cupboard k into an upper and a lower compartment A fore edg* f 
and a back edge m, each 3 in. wide, 1 in. thick, and 4 ft long, are morticed a# sbovn* 
to support the weight of the large drawers d, The curves on the gables are cat ■* | 

follows. The first one n is a quarter circle of 4 in. radius, the next o is a revaiwl 

quarter circle of 5$ in. radius, the 2 being joined by a straight line i the top curve p « I 

a quarter circle of 4 in. radius. The base rail r is 4 ft long, 2| in. wide, and 3| tv. 

thick, and mortised into the 2 gobies o with its under side resting on the strips c. Fn4fl 
the centre of the base rail, and mortised into it, rises the mounter *, also 2J in. by Ilia. 

30 in. long, and mortised into the fore edge i at top. The case for the 5 small djavoi 
is mode by mortice and tenon joints, carefully fitted, planed, glued, and wedged. The 
wedging is done iu Dm following way. Diagonal saw-cuts are made ia the eudi* 
the tenons before putting together, and for these are prepared little wooden wedges!& 
wide, £ in, long t and ^ in, thick, tapering to a frue vdge. When one wedge ha* £*** 
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riven into fmc atit T a second Is cut in halves and driven into the other slit at right angles 
y the Mrs t. The framu for the 3 large drawers d consists of the fere and back edges f m, 
nto which 2 croda rails, 3 in. wide, are mortised exactly under the divisions i between 
he drawers. These divisions are 6 in, wide, and have tenons at top and bottom, fitting 
into mortices in the cross rails £ and the shelf t. The cross rails may be thinner than l 
and J7i, but their upper surfaces must all be made Hush. The frame, thus far completed, is 
glued, wedged, and cramped up till quite firm. The bottom is next fitted in so as to lie close 
tip tu the gable at each end, to the base rail r in front, and to the back behind, its ends resting 
upi-n the strips c, which project £ in, inwards for that purpose. The method of fastening 
th- bottom to the base-rail r and strips c by screws presents some peculiarities, and is 
flkutmted at u, At intervals of about 9 in. on the under side of the bottom, recesses 
are gouged out in triangular form, shallowest at the apex, mid deepening to J in. at the 
U», which latter is about | in. within the margin. From the edge of the bottom £-in. 
hole* are t*ored through into these recesses, for the reception of IJ-in. screws, which are 
driven from the recess, as shown. The 3 largo drawers are made of J-in. wood for the 
fomta, f-in. for the backs and sides, and f>k tor the bottoms; the 5 small ones take 
J*iu*, and £4n* respectively. The bocks of the drawers may be £ in. lower than 
tb* aide*, to prevent catching; and the drawers themselves may be ^ in. shorter than 
thtirniches in the case, to ensure their shutting in flush with the front. The corners 
of the drawers are made with dovetail joints, and glued. The bottoms are let into 
fciuatea previously cut with a plough, end are further supported by narrow fillets glued 
bercath along the sides, and two or three blocks of hard wood along ihu front, the hitter 
ttakitig contact with stops in the frame to regulate the degree to which the drawer id 
puihtd in. For the 2 doors fr, make 4 stiles v or upright pieces of framing, 3 in. wide, 
lj in. thick, and 2 in. longer than the height of the aperture to be covered ; also 4 mils w 
*">? horizontal pieces of framing, of the same width and thickness. Draw in the stiles 
fa mortising and rails for tenoning. Find the height and width of the apertures in 
the dresser front, place the stiles on edge on the bench, and draw at each cud with 
*®dl, the breadth of a rail at the outer lines being a little farther apart than the height 
of the opening. Then mark off | in. from the inner lines towards the ends. From this 
line mark off If in, towards the ends. Between these lust 2 lines is the portion to he 
siwirtised. Leaving f in* at the extreme end to give slrength to tho frame. When drawing 
the rmila, deduct the breadth of the 2 stiles from the width of opening, allowing 
| m. for fitting; draw in the shoulders at this with cutting knife. Gauge for f tn. 
■aortice-irou iu the centre of the stuff. Mortise about 2 in, deep, taking care to have all 
tootices in the centra of the stuff for their whole depth, otherwise the framing will bo 
tvufid, When the rails are tenoned the thickness way, gauge the inner edge of tenons 
I in. to be ripped off, and f in, bare to rip off the outer edge. then the tenon should fill 
tofe mortice. Cut it to within £ in. of the depth of the mortice. All these pieces, beinfr 
toartised and tenoned, are grooved for the panels* This is done ia the centra of tho 
with a flit plough and f*in* iron, the groove being £ in, deep ; all the grooving ia 
da* with the outer face of ea*ih piece towards the operator. The panels k are of £*in, 
Voed, and **fielded” on the front side, i.e* a ribbon about 2 in. wide is sliced off alt 
^uad* so as to bevel the front face gradually to a thickness of about half at the edge. 
Tl* fielded edge is let about | in. deep into a groove cut for it in the inner edges of 
the pieces t w. When the frame and panel have been fitted and glued up, a small 
holding x is run round in the angle. When the door ia thus completed and has been 
dtij cramped and dried, it may be fitted to the aperture it has to close, and its edges 
(taned away smooth till the adjustment is perfect. The doors are not hung till the 
y of the dresser has been put in. The back conmsta of f-in. boards arranged to 
up and down, or across, or partly both* according as the wood available beat suits* 
The bitjdii ftr e united by groove and feather joints, and any exposed 
k come where they wiil sut he seen. The curves at; in tho top ot tht \wjAs. u\i& oV 
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2 it), radius. The board* are secured by 1 screws, and a bead its mu murid tlf 
edge. The stops for the small drawers may be glued on the back boards* ant! of such a 
thickness os to allow the drawer fronts to come ^ in. within the face of the frame. Th* 
Stops for the large drawers are 2 iu, sq. and | in. thick* and are screwed on to tbe futuc 
under the drawers ^ in. farther in than the point reached by the blocks on the drawm 
when their fronts are Hush with the outside of the frame. The doors are bung on 3*tn» 
brass butt hinges, and great accuracy must be observed in fixing the binges* so that tl» 
doors hung perfectly square and free* Finally the whole work is sandpapered quit* 
smooth, and polished, varnished, or painted. 

Gaiujrn and Yard AcenssoaiEs.—This section is intended to include such mlidci 
of every-day use as wheelbarrows, coops* hutches, kennels, hives, fiowcr-tfUnda* uhI 
garden frames, ns well as such elementary examples of rough building as greenhouse*, 
Biuumer-houBes, fences and gates, 

Whe/dbarrcw .—For ordinary work* good sound deal board | in. thick is quite dorrifa 
enough for the body of the barrow; elm lusts much longer under rough wear* hat a 
much more costly anil difficult to work. The dimensions will vary with the sire nf ths 
person using the barrow* Lilt on the average they may be hs follows: Total langlli* 
including wheel and handles, 4 ft .; maximum length of body, 2 ft, \ width of Udy* 
1J ft.: depth of body* 10 in. While the body is 2 ft, long at top, it should ak>i*s bade 
to IS in. at the bottom, to allow for the wheel The first step is to make a fraiofloi 
l£du, or 2-in, stuff, measuring IB in. long and 15 in, wide* but with the long 
the frame projecting about 1 ft. forwards to carry the wheel, and about 15 in. backward 
to form the handles. This frame should be dovetailed together at the corners Tli« 
body of the barrow is made with the sides perpendicular, while the tail-board may slof 
u little outwards, and the head-board (next the wheel) much more so. This bod? a 
formed with mortice and tenon joints. It is fitted to the frame cither by tenons let into 
mortices in the frame, or by r bating the frame about § in. all round on the inside. Tlw 
legs are attached outside the body* and help to strengthen the whole. They should be 
cut with a shoulder at such a height as to support the harrow, when at rest, at» convent 
distance above the ground. I flot to alxjut } ia. into the frame, so much the better; * 
J-in. iron rod may be carried through the legs and frame from side and side, and 
screws secure it to the body. A good wheel can be mode by cutting a 10- or I2-in- 
circle out of a piece of Idn, elm.; a 2-in. ®q, bole is chiselled out in the centre, to iwrivu 
an axle formed of a piece of oak or ash* having a diameter of 2 in. sq. in the ccnfr» ^ 
tapered off to about 1J or 1J in, at the ends. The wheel is strengthened by having 
r\m of stout hoop-iron lk shrunk on/ 1 that is to say, the rim la made quite doae-fittingr 
and is then heated ready for putting on ; the heating stretches it and facilitates its being 
put on, when a plunge into cold water causes it to contract and hold firmly. The ad* 
must fit very tightly in the wheel, and thu is best secured by making the hole mil# 
large and using wooden wedges for tightening up. driving them from opposite *il«* 
alternately. The ends of the axle arc each shod with a ferrule, to prevent the 
splitting on driving in the iron pins on which the wheel is to revolve* There pina 
square where they enter the wood, anil round in the projecting part, which litter pi*** 
on each side of the wheel to the front shafts of the frame of the barrow* About tb> 
easiest effective way of connecting these pins to the shafts is to drive a staple into tl* 
under side of each shaft, of a size large enough to hold the pins without prevents* 
their free revolution. In this way the wheel can bo added last of all, and can b* 
removed and repaired, if necessary, without injuring the frame. 

Poultry and Pigeon Uov&n. —A useful size for a hencoop (Fig, 534) to place apM 
a wall is about 4 ft. long, 2 ft. wide, 21 ft. high in front, and 3| ft at the back. Th* 
framework will consist of (i uprights a* a bottom plate 6, top plates c d, and raffia *■ 
AJJ the wood but that for the rafters may be l£ in. sq.; tne rafters are 1| in. 
i in* dvep t and 21 ft, long. The bottom Va hlt^\ bo the upright*, at about 2 * 
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v>r, by halving each into the other. The top plates are fitted on in the 
# and muled up. This done* the rafters are cut out to a depth of about 
iioknan, and fitted into the top plates. The roof may be formed of 7-in. 
bmrils, long enough to overhang about 3 in. at each end, fastened by 
1 to the rafters, com¬ 
be bottom edge and lap- 
in, as they proceed ; or 
,it boarded, covered with 
■on gh 1 y tarred. The rig! 1 1 
ied by n door, the left end 
p Hke the roof, and tire 
a are closed by galvanized 
ting, The door frame is 
*1 l| in, wide and 1 in. 

Ah it and the triangular 
it are filled its with net- 
nor is of |-in. deal boards 
i way. Perches must be 
ist inside. The wall forms 
he coop; therefore the coop should he tied to it by mans of iron stays 
lie wall and nailed or screwed to the frame of the coop. A strip of sheet 
me edge driven into a course in the wall* and the other edge nailed down 
will prevent wet finding its way down into the coop, 

is a plan of a fowl-house of more ambitious dimensions, arranged at the 
i or yard, so that the back a and sides h c are formed by the walls of the 
us saving expense. Commencing at one end, the compartment d is a 


633 . 


-®- 

J 

[ 


i r 

e 

i e 

ci f 



9 

\ 

V ~ X 4 


eg acce-s to the neats e t and closed by a (Wr fig is the roosting-place, 
etches h t reached by a door i in front, ami leading into the run /, also 
h rough the door k. In arranging the construe Lion, it is best to pursue the 
k*r, First make the front framing, which will consist uf a bottom mil 3 in, 
from h to c at about G ft. from the wull a. Into this will be mortised at 
:riMof upright*, about 3 in, by 2 in. anil G ft. h'gh, these being nowhere 
ft apart, and in some phices Lse to suit the positions of the doors, A tup 
be fitted over the tenoned tops of all the uprights. At abuut 8 ft, from the 
,1 plate 3 in, by 2 in. is nailed to the wall a, and then the rafters are fitted 
'Lite and the front mil. Before proceeding to roof over and close in the 
i well to complete the internal fittings. These are better shown in Figs, 
'he 3 perches ft are rough poles with the bark on ; they are arranged in 
r .w, and are sutSteicE t Jy .secured at each end by dropping t^vrv\oo»i\^ \v\Vj 
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wooden blocks nailed to the partitions* The nests esre raised a little above the 
and closed in on all sides, including the top, a small hole being cut in front juA 
admitting the hem The fowls enter the neats e from the house g; the nestf u* 
provided with doors along the back, opening into d, both for the removal of the egg* «n4 
for the occasional cleansing of the nests* The front of the house, us far as the partita® 
ueparotiug the run j from the rooctmgdlouse g , may be covered with galvanized iron *i& 


59*. 5*t, 




netting, the remainder is boarded* The doors /1 may be of simple construction, sndi ** 
3 or 4 boards placed side by side and fastened together by cross pieces nailed to tbaa 
The portions f m of the front, coming between ihe doors, may be u weather boarded/ 1 i.fc 
covered with feather-edged boards overlapping each other and running huriawutrUp 
The roof is best boarded fiat with |-in* boards, then covered with felt and well tarsi 
A zinc gutter along the front adds lo the comfort, and a piece of 3-in. zinc pipe insert*! 
in the roof over the noddle of the house g forms an efficient ventilator, when sufrootiD^ 
by an overhanging cap to keep out rain. The doors /i, being heavy, will need T-liiogsw 
while butts will answer for i 

A rough pi goon-coop, only suitable for placing under the shelter of a roo£ tmj to 
made as shown in Fig. 503, say 3 It. long, 2 ft* wide, 20 in* high in the sides and -J ia 


&9N. 


m. 



to the top of the roof. For the ends u, 3 strips of §-in. by 
1-in* deal board may be nailed to 2 cross pieces 2 in. by 1 in. 

The floor h is of f -in. deal board laid the short way. The 
bock and half the roof may be boarded in, while in the 
front arc fixed 2 atrips c 1 in* sq., joining the ends, and 
perforated at intervals of If in. by galvanized iron wires. 

At each end is attached a nest box d 18 in* long, 9 in, wide* and 10 in. high, lA 
sloping tnp ; it hi made of J in. stuS naWcd 'VW x*ts&. box k entered tj 
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in the ends a. One or more of the front wires may be made movable for the 
a and ingress of the bird*. 

house for 7 couples of pigeons, adapted for hanging against a wall having a warm 
t, ia shown io Fig* 599. The principal part of the house consists of a box of 1-in. dent, 
tiring 3 ft. long, 2 ft* wide, and 15 in. deep. Lengthwise it is divided into 3 
Artmeati by 2 partitions a of J-in. wood, and these are supported by 3 upright 
tiona b of f-in, wood, Tim bottom of the box forms the back of the house. The 
of the bouse is set back 3 in., ao that the aides and floors of all the compartments 
act that distance beyond their entrances* The object of this is to secure greater 
icy for each pair of birds* As the top of the box must be rendered eloping in order 
trow off the rain, by the add it inti of 2 boards c T the triangular space thus enclosed 
a a convenient compartment for a 7th pair of birds. The 2 boards e are best dove- 
d together at the top, and protected by a zinc cap ; they are secured to the top of 
box by the intervention of 2 triangular strips which afford a solid bearing. The 
mice holes indicated by the dotted lines measure about 6 in. high und 3 or 4 in. wide, 
are cut in the positions shown by means of a keyhole saw. 

fhe following description of a combined poultry and pigeon house is condensed 
> an interesting communication made to Jmafeur ffbtft, The ground at disposal 
Kims 22 ft by S ft, with walls on 3 sides; it is divided into 3 portions—a central 
red-in house 6 ft* sq, and on each side a run 8 ft* sq, The house is divided into 
l equal parts, one 6 ft, by 4 ft. for a covered shady run during hot or wet weather; 
another 6 ft. by 2 ft, for a breeding house* The floor is sloped throughout from 
t to back, and trodden quite hard* The framework (Fig* GOO) of the whole reals 



I course of bricks, protecting it from damp and 
doing it portable. The dimensions of the 
utering for the construction of the house will be 
ML lengths of 3-itt, by 3-in. for the 6-11. «q* 

'End frame, and the upright joists and rafters are 
in* «}* The joints employed are illustrated in 
f> 601. a being that of a comer of the bottom 
ne* h that of the upper frame with the upright, and e that of th© cross pieces* In 
larger division of the house, the cross pieces arc placed 2 ft* from the ground os 
U for the k**o floor of the compartment reserved for fowls lad 
r funding at the titmo time a n ot to the dry shed beneath. In the wmsEUx tom 
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pf the houae, the joists are 4 ft. from the ground; the lower part is set aside for aestiaf 
places, end the upper servos us a pigeon loft extending to the roof. The object to 
potting the nesta (for sitting) upon the ground is to give the egg«, during incuhatjpo, 
the benefit of the moisture of the earth. Hence the dry run underneath the large* 
compartment goes no farther than the wooden partition which intervenes. The upright 
which bisects the front of the house is in tended for a stop for 2 large doors, hanging 
from the outer supports. The 8 rafters, each 3J ft. long, for the roof are simply nailed 
in position, the plunk placed at the apex acting as a sort of keyboard, and the weight uf 
the roofing material afterwards added being sufficient to make all secure. So far the 
framework may be made in the workshop, and taken to its place for putting togatlk*, 
temporarily strengthening it by nailing a few diagonal stays to it. 

For roofing the building, sheet sine is perhaps the moat su table material Felt 
harbours vermin, requires curly renewal, and necessitates a wooden roofing underrate 
it. Corrugated iron is expensive, and is very hot in the, aim md very cold in time of 
frost: moreover, it wears badly, and soon begins to leak where nails are driven througlL 
Zinc is one-third less expensive, looks as neat, is twice as durable, and can be fixed wifir 
out trouble. For the roof, £3 m\. ft. of No, 10 zinc will be needed. The weight thrati 
be 17 lb, to the sheet, measuring 6 ft. 8 in, wide; 3 such sheets will he sufficient, and 
if one of them be cut in two, they nmy be overlapped an inch or &o, and, with a If 
nails, all soldering will be avoided. Out of the same quantity, 3 pieces 12 in. wide »a1 
3 ft. long may be cut. With these, a semicircular ridge, to bend over the key-boardi/ 
the roof, can be formed ; and if care hm been taken not to carry the sheets of dac qmU 
up to tlie top, a species of ventil&t >t will be the result, the air having free nc-'«a i** the 
channel running the whole length of tlie building, whilst direct draught is bbrfotal 
and no rain-water can enter. The roof will have eaves extending 4 in. from the rida 
of the house. In addition to the ventilation provided by the channel on the anil rf 
tlie roof, it will be found that the zinc plates, resting on the rafters, will not fit cJcaelj 
to the 2 sides of the house, but an aperture will be left underneath the eaves. Thu 
npertore should not be wholly closed in as a well-ventilated but not a draughty nerf* 
lug-house is a necessity. A wooden strip in, wide should, however, be nailed 
horizontally under the caves. 

For boarding in the 4 sides, the cheapest, warmest, and most weather-tight mate* id 
in tl-in, match-lining (it is practically 5J in. in width). No planing will be wanted,ei«l* 
that which it has received at the mills. The ton gue-u ad-groove method of joining r*dl 
strip to its fellow, ensures the air-tightness of the interior, and prevents the posaihtlilf 
of the bnurds themselves warping; in addition, the superadded beading lends m omv 
mental uppearanee to the exterior. This match-lining is bought by the 41 square* if 
10 ft., and 3 such squares, at j la. 0d. each, will give ample material. 

The principal distinguishing feature of this poultry-houae is the facility with whH 
every part of the interior can bo reached without requiring logo inside. Wbefuvtfi 
place is inconvenient to reach the chances are cleansing will be neglected and 
accumulate, a stite of things faial to success. Therefore, in the whole arrangement 
the compartments, every corner is easily accessible ; hence the structure consists sLv* L 
entirely of doors. But the match-lining throughout being used horizon tally, Ik* 
number of di*ors is not obtrusive, &s many of them ore hardly noticeable. 

Figs. G02 to G03 represent the 4 aides of the house. The rear (Fig, 602) U baaM 
up from top to bottom with the exception of 2 widths of match-lining 4 ft- from thfl 
ground, which are battened together to form a flap a. and are hinged as simwn, Tfci* 
flap a is to allow the loose flooring of the pigeon-loft, situated in the uppermost pid^ 
the building, to be withdrawn whenever necessary, that the boards may be deiui*4 
The left side (Fig, G03) of the poultry-house faces north. The small door t is hLogtd tn 
the outer upright, and does not extend quite to the top. By it the pi geond acker* *** 
gaM&L t r nd( rncfitii it is door e, hinged to thy tunic upright uaJ allowing good hv^U 
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1g permit of entrance to the breeding-house fur fowls, the nests in which, it will 
are placed on the ground, d is simply a larger flap than a, consisting 
■lining battened together to the width of 2 It., anti hinged from the plank above 
down, tbi* flap shuts in the dry shed running under the roosting eompurt- 
whon open at an angle it enlarges that shed t admitting at the some time fresh air. 
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g to the front of the bouse (Fig. 604) doors e /, each 4 ft. high by 3 ft wide, open 
the entire roosting compartment. It is important that this pair should be made to 
L Below Lb <7, u flap similar to d , but 2 ft. longer. It is intended to allow of the 
■of the dry tun being removed from the front without tho inconvenience of entering 
clewed yard*. The material forming the floor should be changed as often as it 
rues polluted. On the right aide (Fig. 665) of the house facing south are 2 flaps, 

* email one k? 16 in. deep, which opens on to the egg-boxes, and a larger one i, 
heal in every respect with d, on the opposite side. When it h wished that the doov 
ihotdd be ul the disposal of one yard exclusively, it w ill bo umaiKEy Vo ] 
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closed, but when there are do chickens and pullet* to occupy the other yard, and thl 
whole of the avail able apace is to bo given to the adult birds, by lifting dap* d and fat 
the same time, the dry abed accommodation will be much increased. The last entraow 
Jt is 4 ft, high, and leads into the breedlog-house. The open space above it is the dam r 
part of the pigeon-house. 

There are 4 windows to be added: one m on either side, the glass of which slip* back* 
wards and forwards in a rabbet; and 2 n iu the front which are for lighting purpci® 
only, the glass remaining tried, with strips of wood at the back and a beading in 
front. 

Preliminary to fitting the doors, lengths of 2-in. pine beading are nailed to the up 
rights as a stop. All the doors are made in the same way, consisting of m&tchdmiug 
naikd to 2 battens formed of the same material, sawn in half Flat headed wrought- 
irou l£-in* nails should be used, us they drive cleanly into the wood. Some time will be 
spent *n this part of the work, and open-air labour will be waved by nailing together tbs 
doors full-large in the workshop, and afterwards fitting each by sawing it to it* end 
dimensions and planing down the edges when ready* Cross-garnet or T hinge* 
are the best suited to bearing the weight of the doors. For the two large*! (* 
and /), the 16-in. size will be required, as the strain is great from the aida. All tb» 
other Haps and doors have the 10-in. size. The hinges should be so placed tint 
the |-m. screws fixing them may bo in tho centre of the plank. The doors which form 
integral parts of the divisions of the house, necessary to be weather-tight and muni* 
should be nicely constructed, and some trouble taken in fitting will be amply repfii 
The Haps to the dry shed are not so essential, and lesH care may be expended upon 
them. Should the doors warp in the fixing, no great anxiety need be felt, for ala'll 
they have been hung a short time they will bo sure to regain their right shape. Tt«f 
should all be secured with wooden buttons. The window and other apertures aLould b* 
cut when the match-lining ia fixed, a key-saw being first used* They will not \tB*4 
the strength of the walla if cut in the centre of the planks. 

The exterior of the fowl-house^Uould now receive its first coat of paint, 3 coats being 
tho rule. Priming of the ordinary description may be used for the first. If prepared 
priming be used, it ia the more necessary to paint swiftly, as it dries in almost 
mediately. About 12 lb. of paint will be needed for the first coat. The main thins to 
be observed is that the beading si mil be properly covered, find therefore the better {dm j 
is to paint Ibis first carefully, and afterwords go over the planks, filling in all xhik' 
places wherever they may be noticed. If beading and planking wore treated simul¬ 
taneously, it would be difficult to discovar whether the former bad been properly d»a* 
For tho second coat about the aa me proportion of lead colour should be laid thinly <«, j 
and these 2 coats should suffice to preserve the wood effectually. The third cunt nay 
be according to fancy. 

Ou reference to Fig. 603, showing the left side of die house, it will be seen that tM 
is a small opening i, 0 in, high by 6 in, wide, with a circular top. This is the etitmnrt 
for the fowls, and it is closed with a sliding panel. When desirous of keeping tbii fund 
raised, a loop of wire attached to a screw in it may be slipped over a second screw phreJ 
a few indies above it on the side of the house* To prevent the sliding glares uf fit* 
windows from being withdrawn too far, a screw should be driven in almost Hush 
lew inches beyond the aperture on the side to which each pane is slipped. 

To complete the front of the house, 2 planks o, cut to an ornamental pattern, •** 
nailed under the caves, but not dose up to the match-lining, the intention being tu olio* * 
current of air to ascend under them, finding its way to the channel on the ridge of tb# 
roof. These boards may be mortised into a spike p t which gives a finish to the wl^K 
and nailed at their further extremities to the projecting strip of wood running under tiis 
xltjc plates a t ouch side of the house. On the right ride of (he building, 3 pigeon-hol ^ f 
ure provided. These should he cut iu a petmautvA yv&U\.tfjvs., their mcaanrement tefif 
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n. The partition should be nailed to the inner side of the uprights and 2 
e undtr etveh opening, added to serve as an alighting beard, which ought not 
■ le$a than 6 in. in width, 

tejrior remains to he dealt with, As a preliminary, nny spare mortar, mnd, 
miy he thrown into the dry run, where it will tread down and form an 
Boor* As a means of protection against the burrowing of rats, whilst retaining 
l&ges of the moisture of the natural soil, a length of 184n, galvanised wire- 
i. mesh, should be placed on the door of the breeding compartment. A little 
ill be sufficient to keep it in position. 

; whole interior is but one permanent partition—that is, there is a single part 
■h ia nailed, all the other portions being removable at pleasure. The exemption 
arding which divides the breeding compartment and pigeon-loft above it, from 
ibed and roosting-house. If the first pair of rafters from the beck have been 
( correspond with the uprights 2 ft. from the rear, as shown in Fig, 600, the 
aing, nailed vertically, may bo secured to them at the top, and to the uppermost 
he bottom, taking care to noil the planks on the side to allow the top of the 
e-main free to support the flooring of the pigeon-loft. No difficulty will he met 
the match-lming ho sawn into 2 lengths, the shorter 1o reach from the roof to 
pair of joists in the smaller part of the house on the one side, and the longer 
n !>e nailed to the same pair of joists on the opposite side, and to extend to the 
in which a piece of quartering 3 in. by 3 in. should be sunk as a stop. If the 
meats are a little out, a fillet of wood nailed to the joints will make everything 
l* regards the flooring, all that requires to be done is that broad planks be sawn 
tacit length, and fitted to extend from buck to front. The boarding need not bo 
i. f-ixi, stuff, but the brooder the planks the better, for they will be caster to 
i it is desired to cleanse them, or for any other purpose, and the quicker to 
% that purpose is accomplished. If the flooring be of a flight nature^ how- 
i strong enough to bear a man's weight should be made fast in the centre of 
for it will be found convenient to stand upon it, and bo obtain command 
ry comer of the roof. The flooring in the pigeondoft is best made of planed 
i it fa the most easy to clean. The advantage of having it louse is obvious, for by 
ne or two of the planks the whole of the loft may be easily reached by a person 
the breeding-place underneath. 

he roosting-house, there remain to be fitted the nests and the perches. The 
cueist of s strip of wood, 4 ft. In lenglh and 4 in. high, which forms tbe front to 
4 egg-boxee, each 12 in, wide, and without bottom, which are simply made by r 
st every foot an upright piece of board II in, wide and 
igh. Stability may be given to them by a thin length 
r nailed along the top. Asa back to this row of nests, 
of wood 4 in. high should be dropped into grooves 
L to the uprights of the building on the right and left 
, against which the skeleton boxes should be set bo that 
i by lifting tbe flap may take the eggs out of the boxes 
; the bouse. Tbe reason why the back of the 
I be movable, is that they may bo cleaned without 
vieuee. The arrangement of tbe nests and perches is 
y Fig, 606. a ia the skirting nailed to the front of the 
b. the movable back running in grooves fit each end; 
mged flap on tbe outside of the building; d, a wide 
iting upon, but not attached to, brackets, and serving a 
impose; first as a roof to the egg-boxes beneath, giving them that privacy in 
lying hens delight; and, second, as a tray to catch the droppings of the fowl* 
upon the perch e, which is slipped info sockets 4 m. above it* Tfi\* 
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highly desirable, conducing ns it does to the rapid and effectual eleuuiti^ of the 
daily. The shelf will also serve to prevent the fowls from an upward draught, 
may nrise from deficiencies in fitting the floor-boarda. 

The fittings of the pigeon do ft eonsUt of ft shelf placed 12 in. Above the floor 
which is an oblong box, without top or bottom, and divided in the centre so m v 
n pair of neats, which are reached by an alighting board, A sjjnikr ©entries wn 
th© floor below it, and other lockers may be put elsewhere if required, A house 
dimensions stated should accommodate with comfort 6 fancy pigeon* and 8 or S 
fowls, besides chickens. In regard to the latter, when a hen becomes brrody her; 
place is in the compartment reached by door c, where a nest may be made op c 
with 3 bricks and some moist earth. So soon as the chicks are hatched, they m 
allowed the run of the compartment, and as they grow older may be given ihe 
one yard, from which the grown fowls are excluded by closing flap i* Sboal; 
pressure b© felt in respect to accommodation for young chicken a, an excel] en 
sheltered from the weather is furnished by Ihe dry shed under the roosting beta 
adult fowls being temporarily deprived of it by dropping flu pa d and £, Sunifeln 
air, combined with perfect safety from cats and vermin, may be afforded by win 
with Ido* mesh netting, the front side of the run ; and if a piece of small qiinrtiT 
seeurei 1 to the but bun of the wire work, whilst the top depend* from staples dim 
the joist above it* the protecting barrier may be readily raided when food and w* 
to be given. 

The fowls enter the house from the yards by the side doorway already described, 
they reach by means of a ladder made of a plank, with half a dozen steps ofba 
or 5 in* apart* If a staple h© driven through the plank and the Hap d t a peg will 
to keep boih in position ; by withdrawing the peg, the flap falls and the dry shed it 
in, whilst the ladder remains in its proper place. With regard to th© yards, the a 
are of 2§-in, by l£-in. quartering, mortised into a bod of Sun, by 3-in* stuff* The 
are 2 in* by in* The wrr® below is 1-in* mesh nailed to a plank 1 ft* high 
the remaining portion of the runs, lJ4n. mesh netting is need* A door is 
extremity. Following is a statement of the actual cost of materials required 
combined pigeon and poultry house, exclusive of the yards* 


Quartering * * 
Odd planking 
Bricks And Lime 
Wood (beading) 
Hinges 

Zinc for Roofing 
Match dining 
Glass 
Paint 

Kails and Screws 


£ s, d 
*. 0 IS 0 
.*026 
..036 
.. ,, -.0 2 i > 

,.062 

. 0 14 0 

*, .. 1 14 6 

,, .* ,,019 

OH 0 

. 0 3 7 


£5 0 0 


The same writer iu Amateur I Fork suggests a useful adjunct to the pf 
arrangement, for the breeding season, to supply the following demands: (4)» 
spots for Bitting hens, the neats placed on the ground, so that the eggs may l» s r 
the natural moisture of the earth \ *2) dry runs for young chickens, in which th 
be housed with lb© mother hen during wet or windy weather; (3) dust bath 
bnx for the growing broods, chickens being particularly plagued by injects; (4) <x 
fattening cockerels for killing. For pigeons, lira moat pressing demands are : (1) 
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:ns; {2^ hospital quartern for lame birds; (3) cages for prize pigeons, or vulmiblo sped* 
mm. To supply thee© requisitions, if the articles l>c pn released separately from makers, 
Mfet entail considerable outlay; while for the home construction of a suitable con* 
manc*>, the tost fnr material should not exceed 15s. 

Fig. GOT U a sketch of the completed house. Tier a is a portion allotted to pigeons, 
and as the flooring does not extend for more than \ of the length the birds ctm 
mdilj obtain access to it from below, where on tier b they are provided with a run, 
partly roofed, and a comportment in which to nest, reached by holes f and placed within 
ioommatid of the owner by means of a door on the outside. The remaining lower Lalf 
<>( the house is apportioned to chickens. On tier c lire two boxes—one containing lime 
■bit lcam^ths other cinder-ashes and calcined borne, These boxes are easily lifted, 
*xi'\ of they serve to itiof over the run underneath, means of reacting the inuoimo&t 
of that part are at once ut hand. The sketch represents this lower run nhiit 
W& by 2 flaps d e. Behind the front and larger flap d galvanized wire work is permn- 
fastened. In the case of the smaller flap «, this wi rework is stretched on a frame 
snrin^ng from above, and so arranged that, fastened back at an a.^rtained angle, the 
«Utk* D^ find room for free ingress and egress under it, whilst the hen is not permitted 
%»have her liberty, the aperture not allowing of her escape. In flue weather, both the 
fhip* are opened, thus allowing the light to enter the run, and iu themselves pro¬ 
viding platforms, of which the chickens avail themselves when basking in the sunlight. 
CW* d, the flaps effectually exclude wind and w'ct, aud render the quarters warm and 
■leur*; aud again, when both are fastened down, there is ample room fur 2 broody hens, 
whh h do not appreciate too much light, and require to sit on the soil. The same space 
tt*iy be converted into fattening pens for cockerels whenever ocrasirm arises. 

In the construction of the bouse, the measurements were decided with special reference 
In the economical use of wood as purchased in ^mall quantities at a timber yard. The 
frame work is formed of quartering IJ in. sq. obtainable retail iu lengths of 12 ft,, at 
3d, per length. Fig, 608 gives an idea of the skeleton of the whole, and Fig, 600 
depict* a frame, of which it is necessary to make 2—ono for each end of the house, 
which is 6 ft* to height and 2 ft in depth, the length aud breadth of the frame. The 
fmincs, stood up cm end, I ft, apart, are braced together on either side by widths of 


(or. 
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quartering, pul 18 in. horn lop aud bottom. As to how the frames are made. Fig. 610 
rfprf^cnU the bottom corner, a being the detached pieces of wood before they are screwed 
together. Fig. 611 m the flame way show's the cross-bar mortice. Fig. 612 gives a 
jnrt.<■« of the tefthand comer of the entire skeleton, a being the cross braces, 4 ft, in 
Ungth* ami h the bar bisecting the frame shown in the smaller sketch \u K\\ 

the )oir.!• ore of the thnpleti mortice; they are quite good enough lot Vhs 
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view, for every board hereafter added to the structure increases, its stability. Qrd 
lengths of quartering, and these can be out to the required measurements wit 
minimum of waste. 

In Figs. 607 and 608 on tier o in the skeleton sketch, 4 short cross pieces conned 
the lower pair of braces are shown. These can be of (-in. wood 2 in. wide, and 2 on 
pieces can be nailed on the top of the frames from corner to earner, as 
an additional stay; 2 lengths will afford sufficient stuff. With the M 

framework thus erected, the braces on tier a will form joists for the 
flooring, which is to go f only, or length of the compartment This 
flooring consists of pieces of {-in. match-lining, 6 in. wide. The rabbet 
and groove arrangement locks the several boards into one safe whole, 
which answers the double purpose—that of a roof to the nests below, 
and of a platform upon which the pigeons parade in the sunshine. To 
maintain a rapid disposal of rain-water, give this platform an incline 
from left to right, which may be done by nailing a tapering fillet of 
wood upon one end of the joists. The same plan serves for the flooring 
below, which, in its turn, protects the ash-box and dust-bath beneath; 
in this case, the floor boards run lengthways instead of across, and the 
fillet without, being tapered, must be attached to the cross bar of the 
left-hand frame. 

For the sake of economy, it is best to employ match-lining on the 
other parts of the house, using say 3 lengths of 16 ft. each at Id. per ft. 
run. Match-lining should be nailed round 3 sides of tier a, as shown in Fig. 608, 
door 15 in. wide is made by battening the wood together, with the planed surface 
wards; it can be hung to the upright by means of 6-in. garnet hinges, at 3d. per 
To divide the breeding place from the run, a few pieces of board nailed together, hi 


*<& 

'i 


612 . 


611 . 


610 . 



pigeon-holes cut therein, may be kept in position by means of a slide at top and bot 
it will also be necessary to board in that portion of tier b at the side and back. 1 
a b are under control by the addition of the door at one end; measuring 3 ft. in h< 
and 2 ft. in breadth, it answers for closing in tho ends of both tiers, one largo 
being more convenient and practicable than 2 small ones. This door is a light fir 
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1 on the same model as that which is given for the frame in Fig. 609; bat the 
: used is only 1 in. eq., the price being 2|d* per length of 13 ft—of which one 
jest enough. It may be attached either by lunges or with latches ; the latter 
t of the door being unhooked and carried out of the way. To complete the pigeon 
r the house, wire work is wanted to enclose the vacant spaces. A mesh of 1J in, 
, taking 2 yd,, 2 ft. wide* and 4 yd., I fL wide, 
n tier e, all that needs attention is the fitting of a skirting to cover in that portion 
Iready roofed, by the 2 boxes shown. Such boxes (old brandy cases) which are 
mghJy well made, and measure 20 by 18 in. may be bought of a grocer for say Id, 
oe. The skirting consists of the match*lining already obtained, 
ier d is all the better if made draught free, and for the sake of warmth, match- 
l may give place to stouter plunks, nnplaaed, with which board in oh 2 sides, 
ad, and the back permanently. The flap, or front is of like material, one board in 
:i, and hung by garnet or T-binges to the brace, or joist above. The structure is 
:d with planks, screwed to the 4 uprights. At one extremity, the smaller flap e t 
n partly open iu Fig. 60S, is hung in a Hunihu manner, but us it is now and then 
red to be thrown right up, it is made of match-lining, as less weighty. It bos 
dy been explained that under the daps wire work (l'in, mesh) is stretched in the 
as a permanency, and at the end in the form of a swing door. Fig. 613 
ties a mode which answers to oonflne hen and chickens, or hou alone, at wiU, 
ding to the angle at winch the door is raised and suspended by a stay-hook. 
tJow is a detailed account of expenditure for material a ; by working with screws 
ul of nails throughout, every part may bo rendered easily detachable and capable 
ing packed away in small compass, either for removal when changing residence, or 
ge during the winter months. 


Cmt of Material*. ^ ^ 

5 12-fiL lengths quartering, If in. square, at fid.., ,» *. 2 I 

2 „ „ §-in. stuff, by £ in,, at 5d. .. .,0 10 

3 16-ft, n f-in* match-lining, 6 in. wide, at Id. per ft. run 4 0 

112-ft, 1-in. quartering, at 2£d, ,, .. .. .*0 3 

1 „ „ 1-in. planking, 11 in., at 1$. «, ..10 

2 old brandy cases, 20 by IS in., at Id. .. M OS 

3 pair 6-in. garnet hinges, at 3d. .. .. .. ..0 0 

Nails and screws, catches, say. „ ,,15 

2 yd. wire work, If-in. mesh, 2 ft* wide, at Id, ,, 0 8 

4 „ „ N * 1 ft. wide, at 2d. ,, i, „ 0 8 

2 * ,, 1-in* mtah, 1 ft, wide, at Id. „ .,0 8 

Faint (3 coats) ,, .» „ .,10 


H 0 


W.-The construction of a good bar-frame hive at a low cost out of an old tear 
la thus described by A. Watkins- 

[ai^riak.—A full-rixed or Indian tea-chest, another packing-caac, at least C in. longer 
the tea-chest, containing some Bound 4-in. boards. Have the lids with the boxes, 
2 will cost at the grocer*a 3 a. to Is. 3d. The tea-chest is left whole to rnako 
body of tbo hive: the other box is knocked down for the boards in it. In tho 
L'#, a piece of best pine m necessary 2 ft. by 11 in,; have it sawn by the circular 
2 equal boards: they will be f in. thick. If at tho same time you could get these 
is wvn into strips { in. wide, it will save a deal of trouble* Xm. will *W> wwsA w 
f $4 xl beard for cutting up into strips for the bottom of the super case ; VI m. 
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6 in, will do, 1 lb, of 4|-in, wire nails, and a few of the deepest round flat-liGwkd 
ahoo-naila, to bo had from the currier*, will also lie wanted. 

Frame*,—Those are to bo made first. If your pine board is not already cut uj» iab* 
l-io. stripe, you must do bo by mean* or a cutting gauge (not a marting-puip). St 
the cutting knife 1 in. from the movable block, the kuifo projecting a full £ in. M*kr 
a cut along one edge of the board, keeping tho block tightly pressed against it Do Iks 
mine on the other aide, and a atrip 

of wood J in, wide will easily break _ « 14 - 

oflf, The whole of the boards must — 

be cut up into atrip*, and it will bo 
well to plane the edge*. Cut the 
strips to exact length. You will E 
want II for top bar* 15| in, (bare) 
long, 10 for bottom bars, 14 in, long, 

20 for side bars 7$ in, long. Cut 
them off exactly square. The frames 
(us shown in Fig, 614) must now bo 
nailed together in the frame block. 

They are of the Association ai m M 
bat with a shorter top bar (15| in* 
instead of 17 in.). This makes the 
hive and super case simpler to make 
than with a long top bar. The top, 
sides, and bottom of frame are made 
of the some thickness of wood for 
the sake of simplicity; but if the 
hive-maker possesses a circular saw, 
he may follow the Association di¬ 
mensions exactly. The frame under 
the Association, and will fit into any Association hive. 

Frame Block,—A piece of board, thickness not important, is cut off 17 in. keg. 

8& in* deep * 2 strips (a. Fig, 615), i in. square, and in, long, are nailed aero* 6* 
ends exactly square, and with a space of 14 in. between. 

The ends of the strips are level with one edge of the board. 

Another l-in, strip b is pivoted in the centre by a screw, the 
ends are rounded off, and the sides are held firmly while 
being nailed. Two nails are driven half-way in 15^ in. apart, 
and serve to keep tb© top bar in its place while being nailed* 

Division Board.—Thia hangs in the hive in the same 
manner as the frames d f Fig. 616, A pieoo of fdn. board is 
cut 14 J in. long, and in* wide; a top bar 15| in. long nailed to the top edge, oi»J 
2 l-in. strips acres* the ends to keep it from warping* 

Distance Guide* for Frames—Advanced bee-keepers often dispense with tbee*\ 
they are useful to a beginner. The fiat-hoaded shoenaila are driven into each side cf ti» 
top bar (4 to cadi frame), in. from each end ; the distance between the heads i f ii«- 
nails should be l^ ff in., so that the frames will be that distance apart from renin' t» 
centre, when hung in the hive ; they are indicated in Fig. 61* by small circles noth' 
lino above <?* 

ih>dy of Hive,—The stand and flight beard a h. Fig. 616, should be made firal; tl^T 
are fixtures to the hive; 2 pieces of board, 4 in, wide and as thick as convenient (not 1®* 
than 1 in,), are cut with one end slanting, the shorter side the saints length ** the <mtdA» 
width of the chest, the longer 6 in* mote. They are nailed on *4ge underecsth tk* 
bottom of the chest* and the flight hoard 1», \n. Va V^- thfe same length ** 6* 
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daest, is nailed cm tlio sloping ends* Tho entrance slit* 4 in* long and f in. high, cad now 
Went; it is shown by dotted linos in Fig, tili In order to fit up the interior of tho 
hive to receive the frames, 2 pieces of )-in. board 8) in* wick!, and tho same length as tho 
interior width of the cheat (from back to front), aro prepared, One edge of each is 
veiled for the frames to rest on, 
tid a strip of J-in. wood <?, Fig, 614, oi«- 

tboat 2 in* wide and the game length 
is the board, is nailed to the bevelled 
iide* tnd J in. above the top edges ; 
dim a stout strip is nailed across 
of the boards on the same 
wife m the top strip* The 2 boards 
™ prepared hare now to he nulled 
tofoai the chest exactly 14J in. 
ipart; but before doing so, it will 
Wiell to clearly understand their 
n*. They form the support for the 
fofiM*, thii projecting ends of which 
«og on the thin upper edges. It 
*fll k teen that the frames do not 
toidi in jiny other part, but that 
tlicrs is ** bee space 11 between them 
the tides and bottom* This 
*t*ce is important, therefore the 
,n >tiklo sire of the frames and the 
»-cL«uie si^e of that part of the hive 

*bidi cootoins them should always be exact. In nailing the 2 boards across the inside 
^ the chest (as shown in d f Fig* 614) the division board wilt form a good guide to keep 
toe® the requisite 141 in* apart, and as it is difficult to nail from the outside into the 
tt'dii it will be best to nail from the inside, through the strips at the ends of tho 

barb. 

Soper Cast 1 .—Sectional supers arc used by most mlvaucod bee-keepers ; they can be 
bright much cheaper and better than they can be made, and as the moat used (and pro* 
tlw best) size is 41 in* sq, holding when filled 1 lb* of honey, a case w ill be de- 
•'’htad to take that size* A bottomless box (c, Fig* 614} is made of )4u* board, 41 in. 
Ml deep, and 16 ) in. by 15) in* outside measurement. Four strips (A, Fig* 614), each 
M) b* by 1J in* by | in., arc nailed across the bottom of tho box, being let in flush ; 2 of 
Ihcra mu at the outside* tho other 2 at equal distances, forming 3 equal spaces between ; 

4 strip® (i. Fig* 614) 14| in* by | in. by 1 in. are nailed on tbe top of the wide strips, tho 
2 outer one# against the sides of tbe box, the others on the centre of tho strips* Thera 
must U a space of a little more than 41 in. between these strips, as they serve to keep 
aoetions the right distance apart. 21 sections* 7 in each row, are placed in the ease ; 
toiy do not quite 611 it ; but a thin board 151 ito by 4f in,, with notches cut out of tho 
edge to fit over the strips, serves to wedge them np together. “ Separators *' made 
of til, or exceedingly thin wood, not thicker than cardboard, each 15) in* by 3| in., are 
phc^l between the sections, as shown by dotted lines in Fig. GH, They aro necessary 
^ the combs from bulging into each other: if they are not used, the sections, when 
fihtd, can only be packed in the order in which they come cut of the hive* The section 
to it ihown in it* place in Fig* G14, but omitted in Fig. 616. 

fcmf.— 1 This is tbe most unsatisfactory part of a large hive like this to make* Tho 
fl Wfault is that it k heavy and cumbersome to lift off* A good carpenter, with new 
bwid* to work on. wrruM do bettor to make the roof of a gable VcvikjesMk ^ 

it would bu worth v>hilt> to try toe waterproof paper roofing, which rcA 
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and very light. To describe the one illustrated : its sides are made eloping like a desk 
or garden frame, and large enough to slip easily over the hive lop like the lid ©f a hot. 
The front of the roof (ft. Fig. 610) may be 7 in. deep, and the back 2 in., so that the? 
may both be out out of one length, and the two sloping sides out of another length of 
9-in. board The flat top is nailed on the top of this frame, projecting 1 } in. to 2 in. ill 
round; the joints, which must run from back to front, should be as close us possibly *nA 
thin strips of board 1 in. wide should be nailed over them. If the boards mxt smordj, 
the roof may be well painted; if not, treated to a thick coating of pitch, melted in a pet 
and applied hot (mmd it does not boil over). If the boards which make the n4 are 
very rough and uneven, it may be well to cover them with common roofing felt (ec*t hi 
per sq. ft.). In this case the strips on joints should be omitted. A block of wood 
fm, Fig, 616) must be nailed inside the front, 2 in. from the bottom edge, to keep th* 
roof from slipping down the hive, and a 1-in, ventilation hole, covered with perforated 
zinc, bored in the back anil front. The hive is now complete; but, before putting i 
swarm in, the frames must bo fitted with wax guides. Most bee-keepers now use full 
sheets of comb foundation; but if this is not done, a thin line of melted wax must be 
run along the centre of the under side of top bar. A quilt must be laid on the frama; 
a single thickness of China matting (from the outside of tea chests) is beat for the first 
layer, as the bees cannot bite it, and above it 2 or 3 thicknesses cf old carpet. The hitt 
is not a mere makeshift one, but can bo used to advantage on any system, as there » 
plenty of room at the rear to add more than the 10 frames, if extracted honey be tbs 
object; or frames of supers can be hung behind the brood frames. It can also be facial 
with chaff or other warm materia! during winter if thought necessary. Of course * 
couple of coats of paint will be an improvement. Frames placed across the entrance m 
much better than if running from back to front: the first comb acts as a screen, aod 
brood is found in the combs clear down to the bottom bar. 

Forcing-/ro max—The construction of the wooden portion of forcing-frames k Elw- 
trated in Fig. 617, and described below; the fixing of the glass portion will be foua! 
under Glazing. A convenient length for the frame is 6 ft, and the width may be 




either 4 ft. for single or 8 ft. for double size. It is an advantage to have a frame thti 
will take to pieces, and the one shown is designed with that object, The sides a, foot t, 
and head c are of 11-in. deal. The top edge of the sides a is cut with a slope ao as to oik* 
the glass Lid to be at an angle of about 22° 30"; therefore if the foot b is 1 ft. high, tin? 
head © on a frame 6 ft. long will be over 3 ft, high. The ends of the foot and htwl 
boards & c arc halved into the ends of the sides b, so as to make a good joint Into the 
ends of b c, staples are driven, and notches are cut out of a to admit them; small ban w 
wedges are thrust into the projecting loops of these staples in order to secure lbs aid** 
and ends together in place. Halved into the top edge ctf the sides a are 2 strips d, 
measuring about 2 in. by 1 in. These are firmly screwed to the sides and ooosUtut 
guard# for the bliding sash e, to prevent \\ ft frame. In a double 
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^ width of the ridge-board a depends upon that of the saehbors; 2 in. will be thick 
for the house treated of. h represents tbe beading fastened by screws or 
®**h to the top of the ridge-board, to preserve it from the action of the weather, as well 
to impart finish to building, a also shows how the sashbars are mortised into the 
I %e'hoard 1 and how a groove c fcr the glass is ploughed In tbo ridge-board above each 
k’ 53 ' 5 ®. In glaring, especial care must be token to thrust the glass to the top of these 
Swires, so ns to moke the ridge weather-proof, Tbe size of the sash bars is determined 
h their length, and whether it Is intended to strengthen tho tool wVvYi 

fupportsj as shoma in d* A bar of the form shown by d, m, by \m* 


frame there must be a central bar, 3 in, by 2 In, t run from the head to the foot of the 
frame to carry the inner edges of the sashes, and this should have a strip { in. wide 
placed edgewise down the middle to separate the 2 sashes. On the top edges of the sides 
a, and similarly in the upper surface of the central bur, little channels should be grooved 
nut In carry away any water that may find ita'way under the edge of the Bashes. The 
Bdhcs themselves are made of 2-in, by 1-in, quartering, dovetailed at the comers, with 
email bam for carrying tho gloss, as described on p, 318, 

GrcwnAotistt.—Fig, 618 illustrates the construction of a greenhouse with a span roof 
W ft wide, os recommended by E. Luckhurst in the Journal of Horticulture* Following 
ire the details:— 

The Boot—This is only 5 ft, high at the oaves, and 10 ft, at the apex. It consists 
simply of fixed rafters mortised into a ridge-board at top, and an eavo-board at bottom. 
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widest part, answers very well, with every fifth bar like the section e, in size 3} in. h? 
2 in. When interior supports aro not used, the burs should be 3 in, by If in, with twrf 
eighth bar 3( in. by 3 in. The cavc-board / should bo 4 in. by 2 in^ bevelled as shown, 
and with a small semi-circular groove to prevent any moisture creeping into the hm*s 
under the eaves, as will happen without the groove. In exposed windy sittatiwn 
additional strength may readily be imparted by bolting a few iron braces to the anglu of 
the building at any convenient point, as shown by g . Pieces of bar iron bent te the 
required angle, flattened, and holes pierced at the ends by a blacksmith, answer cub-r* 
ably, and are neat enough in appearance when painted. To those who prefer the ujud 
plan of side pillars, /* will be useful, as showing a longitudinal sectional portion of snch 
a pillar, with a slot cast in tbe top to admit a flat iron bar on edge, running along tiBi.lt/ 
the roof from end to end, and forming a capital support, so light as to make no appreciate 
shade, and yet very strong ; in size it is 3 in. by £ in. The brackets for hanging shelves 
4 are objectionable, as spoiling the appearance of the interior; but such shelves arc *> 
useful that they are shown where to bo placed, for the guidance of those who in 
compelled to use them. The roof support shown is considered by Lnekhurst preferable 
to the ordinary style. It consists of central pillars Jc, with arms 1, the pillars being 
about 9 ft, apart. The hanging baskets m are suspended by chains with connterp^ 
weights, which enables them to be lowered at will for watering and inspection. 

The Sides,—Here the aaabbars are similar to those in the roof, the only differs 
being in the large size, which, os they help to support the roof, aro 3 in, by 3. They i» 
mortised into the wall-plate ft, which Is about 6 in, by 2} in. or 3, as may prove no* 
suitable, and into an eave-plat© o 4 in. by 2|. The angle pieces p for the comers of ths 
building arc 4J in, by 3, and have rebates for glazing and for ventilators to shut ala 
When side ventilators are introduced, they coueist simply of » frame 2| in* fcj 1|> 
grooved for the glass, with sash bars mortised into the frame, and are suspended k 
hinges to a fixed bar, 2^ in, by 1J, into the upper side of which the top side fixed aadi T 
bars are mortised. Although mention is made of side ventilators, it is by no roe** 11 
intended to imply that they are an indispensable necessity, for if the roof ventilritM' 
be put through, side ventilation is not wanted* and fixed sides point of course to*wi" 
siderable saving. Let, therefore, the roof ventilators run from end to end of tin? rod 
and consist of a clear space of quite 2 ft. in width, so as to admit so large a volume of *k 
as to ensure a brisk and thorough circulation. Avoid a cheap opening apparatus; W d 
be strong and yet so easy that a touch may set it in motion. The best principle is tW 
of a spiral shaft and stout-jointed levers by which the ventilators may be regulated w 
a nicety, Tbo brickwork of the sides and ends consists of 5 courses above groanl 
G courses below, inclusive of the footings. The walls are 9 in, thick, and the footing 
are respectively 131, I8 ( and 22 J in,, bo that I yd. in length of wall and footings rift 
require 112 bricks ; and to make enough mortar for 500 bricks it requires 3 bash 
grey lime and 18 bush, sand. 

Tbo doors should be 1J in. in thickness, and tire doorsteps 4 in. by 3, with rebd® 
and beading as shown by t ; one for door, tbo other for gloss. The central stags fao* 
upright supports 2 in. by 2, and the braces are 3 in. by 2. The strips u forming tb* 
shelves are 2 in. by 1, with J-iu. spaces between every 2 strips. The woodwork ofto* 
side stages v is of the same size. 

The glass for the roof is 21-oz. seconds; size of squares, 20 in. by 12; far then^ 
and ends 16-oz. answers very well. The hot-water pipes are 4-in. T and slightly 
above the floor on pipe stands us shown. 

Instead of the pillars k, with spreading arms, many will prefer to use fittl* 
uprights and tie tbe mala rafters together across the bouse by iron rods* 
stepping them into the eaves board instead of mortlstug. The ’wall, too, may w® 
advantage bo made of concrete, where the materials are bandy. 

Fig#. 019 to 621 represent a combined igmenWwwi wad ihoL, dtnigucd te^ 
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It is span-roofed, situated bo ns to bo exposed on all but the north aide, and 
on ft bed of earth or masonry 10 or 12 in. above the surrounding ground and 
* iu, wider than tlie base of the structure. To provide against the building being 
rbed by high win* is, 4 posts about 24 ft, long, and 5 in. square, are driven into the 
ad near the comers and the ground-plate of the greenhouse is secured to them by 
coach screws. The size of the combined greenhouse and potting shod (the latter 
ing at the north end) is 18 ft. long by 8 ft. wide outside. The ground-plate a, 
mning all round the base. Is !| in, deep, 5 in, wide, and is formed into a frame 8 ft. 
tu. aide and 18 ft. 1 in. long. Fastened at the corners arc 4 upright posts A, 4 in. 
and kept in a vertical position by 8 stmts c, which greatly help to stiffen the frnme- 
ik . until the boards are fastened over it. The space between the end posts is divided 



* either side of the house into 5 equal spaces by 4 posts, 3 of them d being 4 in. by 3 in. 
tbe fourth e 4 in. by 4 in. This latter divides the potting shed from the greon- 
K These ore all 4 ft. 9 in, long, and as they nro mortised into the wall-plate / at 
top, and tb© ground-plate a at the bottom, each of which is 1J> in. thick, the space 
the wall-plate and ground-plate is 4 ft. 6 in. The wall-plate/is 4 in, wide; 
posts 7 ft 1 in, long, 3 in, thick, and 4 in. wide, are mortised at one end to the 
a, and at the other are nailed to the rafters A. Of these, 2 at either end 
the door-posts, of which the doorways % ora G ft 3 in. high by 2 ft. 3 in. wide, 
rafter* A k arc nailed at one end on the wall-plate /, and on the? other to the ridge- 
t which is 18 ft. 3 in. long, 6 in. deep, and I in. thick. Those lettered h are. 'i \w.. 
® 1 n. and thoa© lettered k of the form shown in section; they ate u\\ \ It, 1 ?! 
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Theao raft era can be purchased nr the section shown, and should be fill carefully 
lit equal distances, when the width must be measured, and the gtoaa ordered leoardii 
To ventilate the house, about 9 in, next to the ridge-board on one side should 
unglazed, and the sptine covered with Inn, hoard, hinged in -I lengths to the 
board, and arranged bo as to be easily opened from the inside, as shown at m, and t 
mtnv must be adopted at the bottom of die opposite rafters, where 4 lengths of hwc 
are hinged to the wall-plate /, The outward thrust of the rafters can be 
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by pieces of wood used as ties, as shown at o, The bouse should be glazed with 
16 oz, in weight to the sq. ft. With regard to doors, the amateur bad better get 
made by a carpenter, as, to look well, they require good work, and they are not 
The framing of the aides must be covered with i- or f-in* boarding, tarred or 
the outflide, and the spaces between the inner and outer boards filled with 
which is a slow conductor of heat, The best material for construction will be 
dry, soft deal, as free from knots as possible; and it will save much trouble to obtain 
different pieces of the sections shown, only a little krger, from saw-mills, so that he 
only have to plane them, and follow the drawings in cutting to required length, 
all the woodwork has been put together, and is thoroughly dry, the knots are t 
and the whole framing is given one coat of white-lead ; this will make the putty in 
glazing hold well. Then tho glass is put on of the required width, the length of 
piece being 15 to 38 in., and each overlapping the next to it by about 1$ in, Thisoo 
pletod* Hit 1 inside and outside wood should receive 2 good coats of pale stone colour 
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point, The beating apparatus employed ormstete of a small circular boiler p t 
, and piping t, ihe fumes of the fuel being carried away by the capped stovepipe t. 
pea t for conveying the hot water, should bo 2 in, or 2£ in. in diameter, and lie 
lately under the stage u* 

621 . 



icn a suitable wall is available, it is often preferred to make a lean-to greenhouse, 
di case the roof is considerably modified. If the greenhouse is to be 0 fU high 
>t and about 8 ft. wide, the roof most slope upwards at the back to a height of about 



If the back wall does not admit of ibis, the front wall must bo made lower, or the 
mat fee sunk: the latter alternative is very undesirable as conducing to dampness, 
instruction of the roof and the upper part of the framing is shown, itv fl|. QftfL 
at a is mortised at one end into the tail upright b f which is wauied to wakYYyj 
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strong honks; at the other end it is mortised into the front top plate e, and throng; 
its length it ia supported on the ends of the uprights of the lower part of the frame d, 
of which are mortised into the bottom plate. From the bar a rise a number of tip: 
e aupjiortmg the outside rafter /. The intermediate rafters am partially supported by 
tie bar $ running from end to end. They all abut at tho upper end against the wdl* 
plate h t to which they are securely nailed, and at the lower end they fit an to the toy 
wall-plate c as shown. The 2 outside rafters are 1 in. by 2 in. in section, but themuilkr 
ones are only 4 in. by 1J in. 

&amfner-/Hm*e.—Tho following remarks are intended only to describe tho mate rid* 
adapted for building summer-houaea and tho manner of putting them together. For| 
designs, tho render must exercise his own taste, or ho may refer to an interesting i 
of papers o;i rustic carpentry written by Arthur Yorke in Amateur Worl* ponjoci ii 
which have been availed of here. 

The wood looks best if left with the bark cm, in which case it should be cot dmro ia 
winter while the sap is out of it; if to be peeled, it is better cut when the sap to riwut. 
The most suitable and durable wood for this purpose is larch, after which come atoii 
fir, common fir, and spruce. Poles should be selected from trees grown in close plitnta* 
lions, these be mg more regular in form and less branched; smaller wood is got fra 
the branches of trees growing in tho open. Oak “bangles" (smaller branches very 
torted) look boat when pooled, and do ’Well in groteequo work. Elm branches are I 
durable than oak. Apple brandies possess the same advantage, with equal irregularity 
and often cost nothing. Hazel rods, and sticks of maple and wych-elm aro w ell adapts S 
for interior work. 

Fig, ti23 shows the construction of a eummer-houso 8 ft long, 4 ft. wide, aud Gil 
high to Hie eaves. The collar posts a are set 2 ft deep in the ground, that parti'fc 
having been first peeled and well tarred. The cross pieces b arc joined to the pctfUi* 
tho manner shown at c; when the rafter d is added, a large spike nail is driven throng 
all and into tho post, but smaller nails may be used temporarily to hold the cross 
until the rafter is on. The corner posts a are 4§-5 m, in diameter, and aawn fiat attto 
top. Pieces called “ledgers” are nailed cross-wise at top and bottom, imm fid htq 
below tho w all-plate and above the ground line respectively, on the inside of tho 
their juncture with the corner posts being as shown io plan at e. The walls / are farted 
of split poles, the splitting being best done by a circular saw, if available ; they orendW 
at top and bottom to the ledgers, with their sawn faces inwards, their upper ends ld< fc ptof 
off to fit against the wall-plate, and their lower reaching 2 or 3 in. into the ground Th* 
walls are lined inside, the lining of tho lower half being formed of another row of 
poles, arranged with their sawn sides towards the first, and so that they cover the 
between them. The upper half may be lined with smaller half-stufif placed diagonal 
From the top of the pediment of the roof, a ridge piece extends backwards 18 in. ; ^ 
keeps the finishing point of tho thatch some distance back, and enables the artflP 
project over tho pediment. The end of the rafters are sawn as at fj. When the r 
jtro fixed, a number of rough reels about in. thick are nailed across them •on* 5 
apart, for carrying the thatch. A 1-in, plunk 14 in. wide and fixed at IS or 17 in. uk** 
the floor affords a good seat. The subject of thatching will be found under tin? 
on Roofing. The under aide of the thatch is all the better in appearance for 
lined. The best material for the purpose is heather (ling), and next to it cornea 
In fixing it, a layer is spread at the bottom of the roof with tho brush ends 
downwards to the wall-plate, and a strip of wood ia nailed tightly acroaa the root *■ 
from rafter to rafter ; succeeding courses are laid in tho same manner, each overtop}’ 
the preceding and hiding the wooden strips. Failing heath anti furze, recourse »*; 
had to moss* fastened to the thatch by email twig buckles. Another substitute tori" 
of dim bark, dried fiat on the floor of a abed under pressure, and secured by flat-to* 
Built}, mogg serving tej fill any rntnrslices. Yudawl moss* previously dried, is odn^ 1 
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j nil chinks and cracks. For flooring, the best possible plan is to drive abort 
G m- long) of wooden poles into the ground leaving all their tops level* 
lay he filled in with sand. Concreting and nap halting are expensive* 
m productive of much dust, and flooring has an inappropriate appearance* 


62 J. 



l—T his terra may bo rondo to include hedges* atone walla, and iron wire, bnt it 
stricted now to structures formed of wood* 

unon fence in America is the 11 zigzag n or 14 mil, 1 ’ Fig* C24, in which stout 
* irud about 7 deep with their ends crossed between upright stakes a driven 
^uund* The rails may be of uneven lengths, instead of even as shown, 
i>fencing. Fig- 625, consists of a number of laths a, pegged across each other 
irtod by mils b carried on posts c fixed at intervals of 8-10 ft. The lattice may 
nuch more open, and will then consume less material* 

K*u wood paling is shown in Fig* CSC. Slakes a are driven by a heavy mallet 
o the ground at 5 or € ft. asunder; when the ground is hard, a hole may be 
the foot-pick or the driver; and such stakes will support a paling 3 ft* 3 in, in 
While 2 rails am sufficient to fence cattle, 3 arc required for sheep. The rails 
■ nailed *m the face of the stakes next the field, and made to break joint, so that 
of all the 3 rails shall not be nailed upon the eamo stake; nor should the 
Uof the mils be nailed together, even though thinned by the adze, but broad 
ov ends together os at &> that the weight and strength of the rails may bt 
L To make the paling secure, a stake should bo driven as a stay in a sloping 
behind the mils, and nailed to every third stake* The upper rail should lie 
or the top of the stakes, the lowest edge of the lowest one 6 in. from the gpnuuL, 
tpper cJge of tho middle one 20 in* above the ground* 
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Lapped paling of cleft oak is illustrated in Fig, 627* The pale« a lap <m r t 
other* and am nailed to rads 6 ( tenoned into poets c, while a board d i« tm edpwi* i 
the bottom* 

In open paling, Fig. G28, the pules o are nailed flat and independently la I 
of which 2 suffice; these latter are tenoned at their ends into the posts e* Thu li * 
much cheaper fence than the preceding* 
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The only important difference presented by the so-called timber-merchjlift 
Fig* 629* is that the poets a are provided with *• pockets ” leading to the mortien 
which the ends of the mils h are slipped; these pockets meet the mortices in 
way that any section or u bay ** of the fence can be bodily removed by litef ( 
sufficiently to free the mortice and pass forwards by the pockets* 

Fields are often temporarily fenced by hurdles* Fig. 630* In setting them ty, * 
first hurdle is raised by its upper rail, and the ends of its stakes are sunk a little tttfaiii 
ground with a spade, to give them firm hold* Tho next is placed in the sac* 
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both being held in position by an assistant; one end of a stay a is placed betwwfl fi* 
hurdles, near the tops of their stakes, and the stay and hurdles are fastened togetberfy ( 
the peg b pressing through holes in both* Another peg c is then passed tWngi* lh 
stakes lower down, and the hurdles are sloped outwards until the upper rail 3 d 
9 in* above the ground* A short stake d is driven by a mallet into the ground ** * 
point whore tho stay a gives the hurdles tho right inclination, and a peg fastens the ***** 
and stay together* The remaining hurdles are fastened in a similar manutv* H* 
perhnpB more common to pitch these husdiGa wu&. 'wvth the alcptsg M 



















































































Carpentry— Construction. 


333 


k^pkidtig it by a stake driven vertically into the ground between the end# of the 
Kfa, The construction of the hurdles themselves is obvious from the sketch. The 
ft Is**! rails t ore lot into slits in the sides of the stakes / f and the 3 cross \ms g nro 


Bu W to the level roils & 

A useful form of close fence for temporary purposes is shown in Fig. 631. The boards 
Pitre simply dipped down one upon another in grooves cut vertically in the uprights ft, 
ttthkh are let into the ground. By this means the use of nails is avoided, and the 
EroU are but little the worse for being bo employed. 


«m we. 



Gattt *—A wooden gate, the only kind to bo considered here, consists of a frame¬ 
work, as a t b t e, d in Fig, 632, hinged or hung to a gate-post e, which is firmly secured in 
Ik? ground, and catching on a latch attached to another gate-post at the opposite side of 
Ihc opening. This framework is generally filled in with 3 horizontal bars /, To pre- 


esi. 
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vwat the wdght of the gate pulling it down at the end c, a diagonal brace $ ta added ; 
iar uniformity soke this is sometimes supplemented by a second brace ft. Tlie upright 
Woof the frame is termed Iho hanging style, while c is the falling style; the bars 
h d and the rails / ure mortised at each end into the bars a t e. 

Another form of field gate is shown in Fig. 633, where the diagonal stays o, 6 meet at 
tta centre e- The top and bottom hinges sro fixed as shown at d, s. 

Fig, 634 illustrates a much heavier and more substantial form of gate. The hanging 
poet n b«-re strata h placed underground : tho falling style c ia V| 

iron Wnds st hip and hot tom. 
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A garden wicket is represented in Fig. 035. The frame a, 5, <% d and the d»gntuil ii 
e are mortised together. Through the top and bottom mils a , o and the stay t\xx*j 
wtiotl or iron are passed. The h ingoing is effected by means of iron ban da with looj 
ends seen rod to the top and bottom mils and resting on somewhat similar iron ioojs IS; 
in tho post ij ; an iron rod dropped through all the loops completes the hinge. 



Fig. 63G is a more pretentious garden gate. The usual Frame a, b, e, d support* 
arms e a central ring/ secured by pegged tenons, as shown. The spaces gj tf ♦, Jl t f i 
best filled up by some lighter work. The 2 bottom ones fr, l may have diagonal ptnAffiq 
while </, A, i may have wooden bars ; or the whole mny be fitted with oriuiiueiita] 
castings. 


G3G. 



Hocse Bun-poro.—There are 4 important matters connected with house 
which come within the rang© of the carpenter and joiner; these are the laying of fln* 
the construction of the wooden framework of roofs, and the making and fixing of <k« 
and window frames. 

Floors .—The chief considerations to be home in mind in choosing the materinJ f* 
floor are; (I) wearing resistance, (2) comfort to the feet, (3) retention of wonatM 
capability of being laid evenly and repaired conveniently. When the first enndiliflO 
most essential and the second is unimportant, as in public places where there o p» 
traffic, some form of masonry is beet adapted; but for comfort, on the scare of rU*tiri 
under foot and a generally heat-oonsorYing quality, wood is udbut passed, pcn ilh H 
ordinary boarded floor. In situations subject to much wear, wood-block flooring i* tetl 
adapted. The blocks are generally laid to the M herring-bone 1 * pattern upon a oru«v 
bed, and can be equally emptopxl tor upper tlnors on rolled joists filled in with couerrt 
making a remarkably firm, durable, wad eomtostekta too resonant or uuiij i 

























































































































Carpentry— Construct ion. 


335 


ma, and In every respect more sanitary than the ordinary btsorded floor- Tho 
ieing of a brick proportion, wm be laid ns parquetry, or in squares placed 
ly f the blocks alternating in direction. The shrinkage is reduced to & minimum, 
n the blocks are well bedded and secured to the bed, as in Lowe's patent com- 
no more durable flooring can b© employed, Tbb composition is said to prevent 
A more decorative aort of wood flooring is parquetry* The solid Swiss 
Tir consisted of pieces about 1 in, thick, grooved and tongued together, and 
by murine glue. Wood veneers, backed by knmptuUcon and other substances, 
en similarly used for effect. Thin parquet laid on a patent composition or glim 
Aid's) is a kind of flooring that has been used with much success even on stone 
ions; and stone paved floors and staircases worn hollow have been treated by 
oceas, the unevenness of the surface being made up by the glue, which becomes 
yet slightly elastic backing* Borne parquet, as that of Turpin's, is only ^ in, 
md ia prepared on a deal buck, and the floor is said to bo equal in wear to l*in. 


The plan of fixing thin plates of hard ornamental woods in geometrical 



8 upon existing hard floors is one that will commend itself. Of all floorings there 
taps hardly any so appropriate, so comfortable, or so artistic ns parquetry, and 
no plain hard woods like teak admit of being used doeoratively, The custom of 
Bg over the centre of the room only, allowing a border of the real floor to bo seen, 
tself to parquetry borders. Smaller carpets and of better quality or design would 
*cted T while cleanliness ami sanitary conditions would be the result of tlio change, 
are many manufacturers who can supply borders at the low price of Gd. per sq. ft* 
illy-backed parquetry floor, supported upon joists partially filled up with concrete, 
an almost impassible barrier to fire. Even wooden joists, well protected by a fire- 
eg plaster ceiling, or the interspaces filled up, has been found to stay tho ravages 
while a closely-jointed block or parquet floor, laid on a good backing, is impervious 
and would retard the progress of flames above or below it* For the floors of 
al wards no floor can be more suitable or so comfortable. 

OHtDg bow to a consideration of the most usual form of flooring, that by parallel 
ng, the first feature to bo explained is the arrangement of tbo beams and joists 
are to support the boards. It may, however* bo well to premise, that, as wood is 
to be much more durable when exposed to the air than when built in brickwork 
ends, an effort is always made to secure that condition, and the other ends of tlio 
or joists are most commonly supported on wall-plates fitting into the space 
c<! by a course of bricks* Fig* 637 shows a simple method of securing tho tie 



*« to the wall-plate b lying on the brickwork r, the beam a being notched out ou 
ider ►i<le to admit ft. In Fig* 638 this joint is strengthened by the addition of a 
r oxr d fitting closely into grooves tu a and ft* Figs. 639, 649 illustrate the 
tn d th«* polcpUle a to the tie team h, both with ami without thfc vfc 

or eng r. Other methods of securing tho joist a to the vnA\*p\ita h wee, wXwjvtu \w 
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Figs. 641,642, 643. In Fig. 644 the joist a, insteed of lying flat on the upper saftaj 



of the wall-plate b, is connected by a mortice and tenon joint, the under side of 
joins being mortised uhc, whiie a tenon d is out into the waii-piaie. 


The special uses of the 'several kinds of joist will be best described when sped 
at the sort of floor in which they are employed; but it may be well here to slate t 
respective scantlings, i. e. their sectional dimensions. They vary of coarse with 


f^CNi 



length of the bearing (the distanoe between the supports that hold them), as gives tl 
the first column of figures:— 

Flooring joists, 1 ft. apart. 


ft. in. in. in. in. in. in. 

5 . 4x2} 4$ x 2 3$ x 3 

10 . 9x1} 7x2} 

15 .11 x 1} 10 x 2 9 x 2} 

20 .11 X 3 10 x 4 

25 .12 x 3 11 x 4 

Binding joists, 6 ft. apart 

ft. in. in. in. in. 

5. 7x3 9x2 

7 ft 6 in. 9x3 

10. 9x4 11 x 9 

12 ft 6 in. 11x4 

15.12 x 4 

20.13 x 6} 

25.15 .. 7} 
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Ceiling joists, 1 ft apart* 


ft 


in. in. 

in. in. 

4 . 


.2i x Ift 

2x2 

5 . 




ft 




7 . 



3x2} 

$ , 



3x2} 

ft . 



4x2} 

1ft * 


. 41 x 21 

4X3 

12 . 




H . 


Girders, 10 ft. apart* 


ft 


in* in. 

in* in. 

10 .. 



12 x 4 

15 .. 



11 x n 

20 ** 



13 X 13 

25 .. 



14 X 14 

30 


. 20 X 10 



Flooring boards are generally cut ft} In. (7 in. planed up) wide* but can also l>e bad 
4 J in, and f>{ in, wide; in thickness they run | iu. t 1 In., 1 \ in* and 1} in,* at least they 
ure miled after these measurements, but are really somewhat less owing to planing* 

The simplest kind of floor is that termed 14 single-joisted,” in which the joists are 
12 in. apart, resting on the wall-plates, and carrying the boards above, while, if there bo 




b 


n 


|<y" 

mU 1 

lW 


* ceiling, the ceiling laths are nailed on below. Fig* G45 shows the boards a as they 
;est on the joists h. When ceiling joists are used, the nrmngcment is as shown in 
Fig. &4G: o, flooring boards; b , joist ; e, wall-plate; d, ceiling joists* The scantling of 
the wmll-plate will vary with the length of the bearing of the joists, us follows 

Up to 1ft ft* .. 1 ... „ ,, 3 in. x Sin. 

1ft to 20 ft „ f . .* ,. *. 4} b* x 3 in. 

20 to 30 ft ** « .. .. .. 7 in. x 3 in. 

i 

IhsjoiiU should have at least 4 in* of their length resting on the wall-plate and wall, 
Kid ffii* may be increased up to 9 in. 

When the joists are unusually deep (for greater strength), or far apart (for economy 
sukef. thtte is s danger that an extra weight on them may cause them ta Vm esv«t 
ooe To obviate this danger, "strutting” is reaorted to. In ita 
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consists of sections of flat thin wood placed edgewise between the joists, as seen in 
fig. 647, where the joists a are kept vertical bj the stmts b. Great florae would be 
required to crash these struts, but there is a risk of their ends slipping. This ie 
sometimes remedied by attaching them at one end to triangular fillets c MiM to th 




joist The stmts should all be placed in the same line, and the lines may be 2 or 3 it 
apart A more secure way of strutting is that known as the 44 herring-bone,** illus¬ 
trated in Fig. 648. It consists of strips of wood a of small scantling (say 2£ in. fay 
1 in., or 3 in. by 1} in.), crossing each other, and nailed at the top of one joist b and 
bottom of the next maintaining regular lines at a distance of about 4 ft 

Whenever a space has to be left in a floor, lo provide for the insertion of a ntsiirsm 
or a flue, the construction has to be modified by the introduction of a u tr immer "forth* 
support of one end of those joists which are prevented from reaching to the wall-plats si 
before. Fig. 649 shows the arrangement where the hole is required next the wall: a fa 


649 . 



a wall, supporting the 2 joists 6, while the 3 joists o are oat off to leave the space d I 
The trimmer e is mortised at both ends into the joists 6, and carries the free en d s of I 
the joists c, which are mortised into it. As the extra strain from the 3 joists es I 
thus supported by the 2 joists b f it is necessary that these latter be stronger than ths * 
others. They ore called the “ trimming* 9 joists, and it is usual in ordinary flooring fa ' 

odd \ in. to their thickness (not depth) for every joist trimmed. Fig. 650 illustrates tbs j 

system adopted when the hole is at a distance from the wall, requiring the intervention 
of 2 trimmers: a is the wall, 6, ordinary joists; c, trimmed joists ; d, trimmes; 
e, trimming joists; /, hole. 

The preceding paragraphs refer to “ single ** floors; but when the strain to be bom 
js great, as in warehouses and similar structures , u double ” floors are adopted, as well Si 
"double fmmed ” floors. In the double flow, 651 % a M binder * or binding jott* 
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odtioed, having a thickness usually half ns groat again os that of the joists it 
rfes, bearing a boot 6 in. on the wall, and situated at intervale of 5-6 ft. ajjart, 
. to centre. In Fig. 651, a are the ordinary joists resting an the binders ft, and 
rting the flooring boards e above, while the ceiling joists d are attached to the 
aide of the binders. 

ie double framed '* floor differs in having 11 girders ** to carry the binders at 
ixU of about 10 ft. centre to centre. Fig, 652 represents this plan ; a, the ordinary 
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, carrying the fioor*boards ft, and resting on tho binder e, supported by the girder 
ouiling joists. Girders should always bo placed so that their ends rest on solid 
, where no window or door below weakens the structure. The weight of tho girder 
itribnted as much as possible by resting its ends on templates of stone or iron, 
l templates often assume a box-like form, enclosing tho sides and end of the girder 
iot ao os to exclude all air, 

i may belaid ** folding/ 1 in 4 ‘ straight joint/' or iA do well ed," the first being 
i method. In laying boards folding, I or 5 boards are put in place without 
rig, and tho outside ones are then nailed so as to have slightly less space between 
tkun was occupied by tho others lying loosely; the others are thou forced into 
ion by putting their edges together and thrusting them down. Thus in Fig. G5H, 
is 5 Wrdo u, ft, c, tl, e, ibc 2 outside ones n T e would bo first nailed aud then the 
miing ft, 4 would be forced into the space left for them. In this ease, the ends Of 
joard* arc made to meet where‘they will fall ou a rafter, and as nearly as possible 
ic centre of its width, as at / on tho rafters g. When the fleer is laid with atm^teV 
*> ss in Fig, CM, each board is put down and nulled separately, tigeagt 
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close to the one preceding it by means of the flooring clamp. Thus the joint# a of th* 
ends of tlio boards b fall on the rafters e in straight lines with intervals between. 
When the flooring is * dowelled," the boards are laid separately and straight m ill 
Fig. G54, the only difference being that their edges are united by dowels (small pep* of 
oak or beech) driven into holes borud for their reception, either between or over tea 
joists. Must commonly, flooring boards simply have their edges planed smooth, and sro 
forced into the closest possible contact, when they are hold by the nails that fasten tkm 
to the joists, But there are cages when a more perfect tight-fitting joint is netdui 

fi&3. «&4. 
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Fig. 655 shows the various ways of joining floorboards : a, plain joint; b M ploughed aod 
tongued; e, rebated ; d, e t with a tongue of wood or iron inserted; /, with the fcoogSt 
resting on the joist: g, /j, splayed. 

When a floor is finished, it is usual to hide the ends of the boards where they 
the wall by nailing a skirting board round. This may bo plain or otmmentaL It tvM 
on the floor and rises close against 
the wall, to which it is fastened 
by occasional nails passing into 
wooden bricks, called “ grounds,'*’ 
inserted in the wall to take tho 
nails. In supper work, floors 
are 41 deadened *’ or 11 deafened " 
by placing a bed of non-conduct¬ 
ing material beneath them. To 
support this bed, strips of wood 
arc nailed to the flooring joists to 
carry thin p * Bounding” boards, 
on which is spread a thick layer 
of old mortar or plaster, known us 
“pugging/ 1 This is shown in 
Fig, 656: u, joists; 5, flouring 
boards; c, strips called 4 * flrring 
pieces, 1 ' bearing tho sounding 
boards d loaded with pugging e, 

Roofo^In discussing roof#, attention will here be confined to the timber part «f fl*® 
structure, leaving the covering to Ixj dealt with under the section on Roofing; anJ to* 
df&eriptiuax will atop short at thoen kinds ot rewf where architectural and engine^* 1 # 
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appliances ore culled into requisition. Roofs of tin cTcry-dny diameter 
ivieled into 2 classes— 11 lean-to 11 roofs including those which have only one 
prnilu&l fall from ©no side to the other; while 11 span n roofs have 2 slopes 
g from an ape* at or near the centre, 

ropiest kind of lean-to roof, adapted only for covering a abed of abort span, and 
y light roofing materia), is shown in Fig, 657. Hero the back wall a has the 
Is of the rafters h simply built into it, at distances of 14-18 in. apart centre 
\s kilo the lower ends rest upon the front wall e and overhang it sufficiently to 
■ain-water off free of the wall In Fig, 658, the top and bottom ends of the 
rt.’jst upon wall-plates h let into the walls, and running their whole length, 
extreme lower end of the rafters carry a guttering e for conveying away the 
r. Other forms of guttering for the ends of rafters are shown in Figs, 658, 660. 
>9, the rafter « resting on the wall Mms a triangular block of wood c nailed to it 
ic? line of the wall, affording support to a zinc or iron gutter c, having one edge 



lei the roofing material. At any point in the length of the gutter a hole is made 
sertion of a vertical pipe d for conveying tbo water a way down the outside of the 
i Fig, 660, the rafter a is recessed at b for the reception of the gutter, a pipe c 
ch pos®ee down the front of the wall d. Fig. 661 illustrates a wooden gutter a 
by nails to the ends of the rafters b, and provided with a pipe c, bent underneath 
t may run down close to the wall d. 



a wider span is needed in a Iean-tn roof, a tie-beam has to bo introduced, to 
t the outward thrust of the roof which would tend to force the walls asunder, 
shows the arrangement adopted. The rafter a rests at its upper ewd 
i b and at its lower end on the tie-beam r, which in its turn ia m w* 

J petition m the wall-plates d } e in the hack and front watts f % g, As 
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wall g ia carried op above the bottom edge of the roof, forming a parapet et m no unte d 
a coping, instead of lying underneath it as before, another form of gutter is demam 
This as seen at A, consists of sheet metal running up underneath the roofing mate 
far enough to form a trough. Another contrivance for guttering along a parapet wal 
shown in Fig. 663, and is termed a “ bridged** gutter. The rafters a, butting agai 
the wall-plate b carried by the wall e, support a * bridging-piece ** d of em*ll scantli 
on which lies a board flooring e bearing the sheet metal (zinc or lead) gutter/. 




When the roof is required to possess greater strength than can be obtained with i 
use of a simple tie-beam, the construction assumes a more complicated character, as m 
in Fig. 664. Here the tie-beam a rests as before on the wall-plates b y e, but at the ba 
end it supports a king-post d , from which the strut e passes to sustain the “ principal 
rafter /, whose upper end butts against a fillet on the king-post d while its lower ei 
is borne by the tie-beam o. Running parallel with the walls, and carried by tl 
“principal” rafters /, is the “purlin” < 7 , whoso duty is to hold up the “common 
rafters h on which the roofing material is laid. The common rafters lie at intervals • 
14 in. centre to centre, while the principal rafters are generally about 10 ft. apar 
The upper end of the strut e (Fig. 664) is joined to the under side of the prindpi 
rafter / by a tenon, which may be either simple (a) or angular ( 6 ), Fig. 665. I 




Fig. 666 is seen a way of joining the purlin to the rafters : the purlin a is led ioA 
grooves in the faces of the common and principal rafters 6 ,0 respectively and batt 
against the block d wedged into the upper face of the principal rafter e. The feete 
the struts may either butt against the sloping shoulders of the king-poet as at a (fig 
€67) or be tenoned in as at b. 

Ordinary span roofs with various modiftcaUom ax* m Fig. 668 . Is A 
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oh is the simplest form, tlie rafters a rest at foot on the wall-plates b, to which they 
only smiled, while at their upper ends they either butt against each other as at c, or 
cwmed and nailed as at d Obviously this is a very slender structure, and quite 



unfitted to bear any considerable weight 
ef roofing material. B, G represent pro- 
gresrive steps in strengthening this form 
of mol, by the introduction of one or 
vase “ collar beams,” which prevent the 
ooUapmof the sloping rafters, and give 
their name to this modification of the 
' ^nn root In B, the rafters a , measuring 
Cosily about 6J in. by 1J in. and carrying 
•covering of 1-in. boarding 6, butt against 
the ridge-pole c at top, and are cut out for 
the reception of the wall-plates d at 
bottom. At rather more than of tho 
height from the wall-plate to the ridge- 
Wo, the rafters are tied by the collar- 
hmm e, h a v in g the same dimensions as 
uAm, and which may be simply 



•iflai to them at the ends, or halved in, as here shown. G differs from B only in 
hmhgaaseond eoUar-beam/, and the extra support of a purlin g let into Vhe nhsn 


tti the lower coOar-beem a Die a modification of B, neoeasHate&hy the 
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of a ventilator in the roof: a ii the oollar-beam gupporting the purlin 6 mod 
well as the uprights d of the ventilator. In E a new feature occurs In the shape i 
“ strut” or “ brace ” supported by a “ tie-beam.” Here the tie-beam a res t ing on 
wall-plates b carries at its ends 44 pole-plates” c let in, and which in their turn bear 
lower ends of the rafters d, butting at the apex against the ridge-pole e. To redan 
strain in the middle of the rafters, the struts / are employed, receiving their rap] 
from the ends of the straining sill g against which they abut. 

When a strong roof of Bay 20 ft span is required, the truss principle is frilly out 
out. as in the “ king-post ” roof, Fig. 669. Here tie-beams a measuring 9 in. by 4m. i 
placed at intervals of about 10 ft resting on the walls and wall-plates b. From t 



centre of each tie-beam rises the king-poet c, measuring 5 in. by 8 in.; abuttingtgs 
its lower shoulders on each side are struts d, 8$ in. by 2$ in., reaching to the middle of 
principal rafters e, 6 in. by 3 in., whose feet rest on the tie-beam a, while their head 
under the upper shoulders of the king-post c. Just outside the line of the waO-p 
and that of the feet of the principal ratters, the Me-taunt \ti»^&ataa f % 4 in. 
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.nlo their tapper faces; and running m idwny along the principal rafters, just over 
pr>int where they are sustained by the stmts d, are purlins g t 8 in* by 3 in. The 
plates/, purl ins g f and ridge-polt> h (8 in. by I| in.), between them carry the common 
jara i, 3* in. by 2 in. 

The king-post roof, from the manner of arranging the timber?, precludes any use being 
of the roof apace. When this apace is a desideratum, the queen-post roof is better 
two examples of which are seen in Fig. 670, the form A being udapted to a high- 
roof, while B is accommodated to a low pitch. In A, the tie-btaiu a, 9 iu. by 
resting on the wall-plates ft, 5 in, by 3 in., names a straining sill c t 4 in, &q, t 
parating the feet of the queen-posts d, 4$ in. by 4 in., which stand on the tic-beatu a, and 
ipport at top the straining beam c, 7 in, by 4 in., and the upper ends oF the principal 
iftera/, 5f in, by 4 in. Struts g , 4 iu, by 3 in., run from the lower shoulders of the 
teen-posts to the middle of the principal rafters, whose lower ends rest on the tie-beam a. 
he common rafters ft, 4 In. by 2 in., abut against the ridge-pole i, at top, and are 
*ru* by the tops of the queen-posts d, the purlin fc, 74 in. by 4 in., and the pole-plate I, 
in, »q* These measurements are suited to a roof of 30 ft span. The space ire is 
uliable for & room. In the form B, the timbers are differently arranged to suit the low 
Of Tire tie-beam o is 11 in* by 6 in., the queen-posts ft, c are 8 in, sq. and 6 in. by 
in, respectively, the straining beam d m 8 in, by 6 In., the principal rafter e is 6 in, 
the struts /, g are 6 in. by 4 in,, and the common rafters h are 4} in. by 2 in. 

Fig, 671 illustrates two ways of constructing a u curb' 1 or “ man Hard " roof, which 
e& a capacious and well-lit apartment to be formed in the roof. In A, the tie-beum 
sure* 12 in. by 4 in., the struts b are G in, by 4 in,, the upper tie-beam c is 8 in. by 
the king-post d is 4 in. aq., the principal rafters e are 6 in. by 4 in,, the purlin/is 


‘j 


mu 




ia.by4 and the common rafters g ore 4 in. by 2 in. The apartment may be lit by 
ie window h or by a “dormer" window. The arrangement B is suited to a roof of 
idcr span, and is strengthened by the stout king-post a and by 2 struts ft from the upper 

The manner of joining tlie upper ends of the strata to the upper shoulders of the 
*»g-prwt is shown in Fig, 672: the ridge-pole drops into the recess a in the top of 
Jring-pofll ft, and the struts c are let into the shoulders of ft either by a simple tenon 

or mn angular tenon O 

The form of gutter for Urn bottom between 2 span roofs is shown m 
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tie-beam a carries a strip of quartering' h , against which abut the lower ends of i 
rafters c ; a bridging-piec© d supports the floor of the gaiter s* 

Door*.—Ordinary room doors are of 2 kinds, distinguished os ** lodged * ft 
“ panelled.” The former are easier to make, heavier, and stronger, but hare u eouiai* 
place appearance. Every kind of door requires a wooden frame occupying the mats 





CT3, 



L 


n 
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of the space to bo dosed, and into which the door may shut ns closely as possible. If (to 
doorway bo situated in a wooden structure, tbo timbers of this structure will be 
to form th© door-frame; in other case, the frame must bo made and secured in plurt 
ready for receiving th© door, The essential 
parts of the frame are, as seen in Fig. 674, 
a lintel a, 2 jambs b, and a sill c ; th© bottom 
ends of the jamba are mortised into the silL 
When the doorway is in a wooden structure the 
top cuds of the jambs may also bo mortiaed into 
the lintel t but when tbo frame has to bo 
built into a brick wall, the lintel and jambs uro 
usually housed or halved into each other and 
made to project somewhat, as shown, Tho door 
represented in the figure is a kind of lodge door, 
fitting closely into the space enclosed by the 
fraino a, b, c ; the inner side is shown, in which 
tho latch and hinges should bo fastened. On 
opposite faces of the jambs and on th© under 
side of the lintel a fillet of wood is nailed in 
such a position as to servo as u Mop against 
which the door may shut, leaving its outside 
face flush with th© frame; and when hanging 
the door, ear© should be taken to support it off 
the sill by a thin strip of wood, so as to ensure 

its moving free of the sill when opened and dosed. Hinges and latches am i 
according to th© weight and finish of the door, 

Ledged doors of several kinds are shown in Fig. 675, Tho simplest and moitt 
made is A, consisting only of the requisite number of 1-in. to 24n. boards s, placed e 
oloso together (tongued and grooved in better work) and held by the ledges b y to i 
they are fastened by clasp nails, Iti B, tho vertical boards a are secured to ledge* & I 
before, but these ledges are strengthened by the diagonal braces c, the whole fra 
tedged and braced door, G is a framed wnd\edged \V\& right I 
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>a mo thickness m tho frame, are tongued find grooved into the lintel ft, 
edges d, while the lintel and Hill are mortised and tenoned into tlm jambs 0 
on, D differs from C mainly in the introduction of the braces/ 
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1 of ft panelled door is illustrated in Fig. G7G* a, 6 am termed long 
are short styles, e 7 /, g are the rid Is, and ft, t, ft, l are the panels, The pieces 
/, g constitute the framing, and arc joined together by mortices and tenons cut 
igh in the case of the outside long styles, and not fitting too tightly. When 
of the framing have been 
fitted, their inner faces are 
11 plough plane about | in, 
f in, wide, to receive tho 
IMv bevelled edges or tho 
better cliss doors, a bending 
k 1 the edges of the pan els to 
out and improve the appear- 
in this is to be done, it is 
fit the panels at all tightly 
lining, on account of the risk 
the latter. When no bead in g 
g la going to be added, more 
itting fa necessary in the 
fben the panels have been 
he grooves in the framing, 
thing is properly adjusted, 
are put together, 
pegged securely; next the 
slid in sideways, and finally 
a, ft are driven on to the 
tenons, previously glued, and 
>m the outside edges. When all is dry, tho wedgos are cut off, and tho 
planed smooth to fit the frame, Tho panels may bo of very much thinner 
the frame, thus securing lightness with solidity of appearance, and sufficient 
Panelled doom are always hung with butt hinges let into little recesses on 
ride of the hanging* style, as that fa called which came* fh&hrcttgjea* 
door dJMvrs from mi ordinary door in the frame being occvvpWi ux ^ 
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part by a window infrteod of wood. Light doora for cupboards, &c. t may be made m * 
simple manner by mor tiding and lenoning the stylos and rails together, and cutting a 
rt-'lmto in their inner edge id) round, into which thin boards can be dropped to sem 
panels, and secured by small brads, with a bond or moulding run round to hid® thi 
edges. 

lEfadaw*.—Windows may he divided into 3 classes— Q) casement window! (openiaf 
en hinges or pivots)* (2) sash windows (opening by sliding up and down), and 1 7/ 
skylights The construction and arrangement of the woodwork of windows—tfrtff i 
frames—will only be dealt wilh here, leaving tho various methods of fixing the gUa 
for discussion under Glazing, 

When a window is to be inserted in a wooden structure* provision is made for fitt-ng 
it to a portion of the framing of the building; but when the walls are of brick* a sperid * 
frame must bo made for the reception of the window. Fig, 677 shows a plan of ‘ 

BIT, 



era. 


framing for a casement window 4 ft high and 3 ft wide. The side posts cr, 4 
3 in., are tenoned inti the lintels, of the same dimensions, at top and bottom, sid 
midway between them is the centre rail b f 4 in. by 2 in* The ends of the bottom I™ 
e are shown projecting into the walls <f, and thoeo of the upper lintel are exteiuM 
in like manner; e is the interior window sill, a piece of Lin, planed board, overhwr^ 
about f in.; / is the exterior sill, consisting of a piece of quartering 3 in. sp alcrptni fa 
the upperaido and grooved on the under side, and nailed on beneath the lower Uutdt 
Fig, 678 allows the construction of the glass frame in its 
simplest form. The upright* a, b and crossbars e,d are 
bevelled around their outer edge, and rebated for the 
reception of the glass ou their inner edge; the crossbars 
are mortised into the uprights at tho corners, and 
secured by pe^a. Obviously the frame here shown is 
intended to carry only one t*me of ghins. In larger 
frames, where it would be inconvenient to have the glass 
in one piece, the frame space must be divided by par¬ 
titions, tenoned in as the original parts of tho frame, 
f*nd of the sectional shape indicated at e, / being the 
*-da#s occupying the rebate. The glazed frame is hinged 
fr*** 0 to the main frame, and provided with a hook 

M * ** bolding it open. The frames shut against 

fM** 11 * v t ^ U5 n frame, which exclude wet 

moving froe ot theglased frames (called sashes”) 

^ri ing to tho weig, hut they are fixed in pairs, each 

doom of sevo th of the window. The construction of the outer frame 
,** e ih A, consisting only^ other, by which the opening and shutting of the window Hf 
f r* ** (tongued onu e of the two sashes is movable, the window is called 4l ftn^* 

fhste&od by clasp nahle hung” Each sash is hung independently, anJ, 1 
-V these Itxigca are or cuds nuining over small pulleys, Tho lap 

and braced door* O ^ Wtarox <9tafe w**, YW outer fran^k 
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ish-frames work, must always be made specially and fitted into the space 
The construction of the outer frame is shown in Fig* 679* The sashed 
face of the pulley-pi cco m, separated by the parting-pieco 5, ho that they 
?h other without touching. The counter weights c arc similarly separated 
d : e is the front lining and / 
fined by the end piece g ; h is 
nh anti t the bottom* The 
suiting the bottom bar of the 
l, and the top bar of the lower 
o make a close joint, is shown 
l: n, top eash: &, bottom sash* 
sash-frames are generally more 
mentally moulded, and a bead 
I the outer frame, 
s«« a sloping window fixed in 
of which it replaces; that is to | 
on of the ordinary roofing material, of any desired length, and of a width 
tig to the space between 2 or more rafters, ia replaced by a glazed sash, 
g the sash to the apace, the frame may be recessed to admit the rafters, or 
out off to admit the frame. As both the roof and the skylight present a 
rttfcp, most of the cutting is on the bevel. The space to be occupied by the 
uos b enclosed by joining the rafters which nre interfered with by crims- 
;out quartering. The whole structure is well illustrated in Fig, CS1, taken 
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tical article on the subject in Amateur Work t a is one of the rafters’forming a 
lole in the roof; pieces of quartering constituting the top ami bottom, and 
the rafters by the screws d whose heads are countersunk; c is one side of u 
r box mode of l-in> planed deal, about 9 in, deep, dovetailed at the camera, and 
shown. This box should fit tightly into the rectangular space mode for it, 
nod by nails or screws to tbe rafters at the sides end the crossbars ft, c at 
it tom. The top edge of this box should have a groove ploughed in it to 
iin-water, and it may have a fillet & In. high nailed all round the outside, to 
closure for the sash that is to lie on the top. This sash / is made in the 
and, if not to be opened, is screwed down securely on the top of the box, 
Its exactly* dropping inside tbe fillet; but if it Is intended to be opened 
je only must be secured, and that by binges joining it to the box. The mah is 
lowered by the rod g, which may be of any reasonable length, When the sash 
d completed, the roofing material must be adjusted to it, to exclude the 
But before laying the roofing (slates, tiles, felt, ia) up to the skylight, piecca 
id are spread all round it t one at the bead h being tumnd Up Wiu 
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of the skylight anti slipped up under the slates h, another i at the foot lying over 
slates A, and one on each side, similarly arranged for keeping out the wet- T ] 
strips of lead fire nailed down in place before the roofing is secured over tb 
They should extend about G to 0 in. in each direction on the roof beside* the torts 
on all eide& of the skylight* The lead must be bent and fitted by the aid of a pi 
of planed hard wood, on which a hammer can be used* The joints may tie solderac 
desired, as described under Soldering. Angular fillets nailed all round at the h 
of the skylight reduce the sharpness of the bend in the sheet load, and hence help 
preserve it 

CABINET-MAXING.—The art of '* cabinet-making T * is usually divided into 
classes—** carcase work,** embracing tho production of articles of chest-like form, si 
as book-caecs, &c„ and u chair work,” comprising not only chairs and their nibatitu 
but also tables. In point of fact, it is merely joinery of a superior description, work 
with finer tools on more costly woods, and producing more sightly effects. The mb 
may be conveniently discussed under the several heads of woods, tools, and veneer: 
concluding with a few examples in both carcase and chair work. 

Woods.—Most woods have already been described more or less fully under OarpeuI 
especially concerning their sources and qualities; repetition will bu avoided 
making cross-references to particular page#* and only points specially interesting u> 
cabinet-maker will bo noted here* The woods in ordinary use arc named below 
alphabetic order. 

Amfoyna; the beautifully mottled wood of Ptermpermum indieum, n native of Im 

Apple : inferior in all respects to pear. 

Ask ♦ sec p. 127. 

Beech; see p, 128. Take* a walnut stain well. 

Bee/wood; a common name for the woods of the Cosuarinas, described on p. 111. 

BircA: see p. 128. The black or cherry kind is most esteemed, and is largely u 
for plain furniture. It is harder than mahogany, and often occurs boautiiblly %u 
(than called 14 mahogany birch"; such figured pieces are cut into veneers, but o 
adapted for the caul and bond-screw process, on account of the tendency to swell 
shrink on wetting. 

Box : see p. 129. Twists and splits in working, if not well seasoned. 

Camphor ; has an excellent effect when worked into small articles, 

Canary : the wood of an Indian tree, Fersea indim 

Cedar : seo p. 130. 

Cherry : much used by cabinet-makers aud musical instrument makers, especial' 
France. 

Ebony: ®c« p. 132. Has a tendency to split and exfoliate. Very expensive. 

Holly : a light, close-grained wood, of small size, useful in small articles uml 
inlaying. 

iCmfliflood; & scarce wood imported in slicks 5 ft long from Brazil; up pawn 
related to rosewood. 

Lime : has a buUcr-likc hue, and is easy to work. 

Loami^eood: see p. 136, 

afafoM/rmy ; boo p, 136. Cabinet-makers distinguish 3 kinds—Spanish* Cuban. 
Honduras* esteemed in tho order quoted. Spanish is known by its bard, ulote git 
and variously mottled figure, Tho rarest mottle is * L peacock,” some thing like bin 
eye maple. Of ordinary kinds, u stop 11 mottle is most admired, a light and dark tig 
being produced by waves of grain breaking up and running into each other* In u tfdd 
mottle, tho w aves run across in nearly regular lines. In the figure cant'd M break,** * cu 
or "curb "the light and dark shades slope away from the centre; veneers of this 
liable to contract a number of little cracks in times. The Culjan wood is loss baud* 
in figure, lustra 1 , and colour, mid therefore employed iu targe veneers ns a cheapier subatit 
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Sponbh, also in solid work, Honduras (called Bay) wood has litt&e artistic value, 
*1 i* adeemed for the solid parts of work intended to carry veneer, being etraight- 
puaed and free from warping and shrinking. These qualities render mahogany a 
wood in cabinet-making, another great advantage being its immunity from 
iy and worms. , 

Maple ; see p. 138, The best figured birds’-eye maple is cut into veneers, 

IMk : sue p. HO. Oak has little beauty for furniture-nooking unless it is judiciously 
t as aa to cihlbit the * 4 chump ” or silver grain to the best advantage (see p, 178), 
Tki champ U better marked in Biga than in English oak, and the former is also a more 
*ily worki-d wood, consequently it is preferred for this particular purpose, though some- 
that Less strong and durable, 

f'arfnrfflewotid; a name applied to the wood of several South American trees, 

JW ; see p, HI. Takes u bluck stain well, and often replaces ebony. 

Pirn: Bet p, 144. The American pine, commonly called Weymouth or white pine 
this country, is best *sui ted for cabinet-making purposes, and forms the ground for 
•II veneered and hidden work, 
ace p. 145. 

Bern see p 147. The best comes from Rio dc Janeiro, ami emits an agreeable 
It is hiudi heavy, and dark-coloured, 

: chiefly esteemed for its fragrance, 

&*i* • ace p. 147. Used in fancy articles. Has a peculiar lustre and fragrant odour. 
M r we p, 149, 

Tidip; see p. 150, Used for inlaying and murqueterie work. 

„ fftflimf; see p, ISO* This wood is very popular both for solid work and veneering. 
Sir •fuci&t ttmunou to Europe and Asia affords the Iwst wind ; Umt native of America 
0** m “ black " kind used as a cheaper substitute. Walnut contrasts well with lighter 
u birdd’*fyo nuiple, ash, and satin wood, and leads itself to most delicate oma* 
I work. 

Z lraipr/od; a name given to a beautiful furniture wood obtained in British Guiana 
the hyawabolly (OnjMbtuu Lamlrrtiy 

In addition there are many excellent cabinet-making woods produced in our tropical 
about which little or nothing is 

*B& 

PK1 



\ m this country. 

Tools.— Theso are mainly the same 
employed in Carpentry, but some 
1 forms ore added. These w ill be de- 
L here, including chest anil bench, 

A convenient chest for 
■ e»tnnel-making tools is shown 

ir e . ere. •j-i described by Cabo in 
d Work. It is 3 ft, ! in,, by 
I A® in., by 1 ft. 8 in. inside measure- 
, with n till the full length of the 
9 in. broad and 10$ in. deep. 

»body of the chest is made of in. 

I y fellow pine, with a skirting of oak 
I the lid. The till and the inside of 
* 4 mm veneered with rosewood and 
1 The 2 sides are squared up 3 ft. 
mi** ad 1 ft. 8 in. brood, and the 2 

* ft I© in. long and 1 ft. 8 in. broad. They ai deviously slipped on the upper edge 
t in, a thin slip of plain walnut, say } in, thick, is glued on what is to ho the upper 
cf each piece. These 4 pieces ore dovetailed together, the dovetail* \\ \n. 
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and all going quite through the thickness of the wood Before glueing the pitta 
together, 2 fillet* a of mahogany, I in* broad and f in* thick, with a groove in the ceutftv 
arc glued and screwed to the inside of the ends at a distance of 10| hi* from the upper 
edge; these are to receive a sliding board II in, broad, which slides underneath th* 
till, which, when pushed back, covers the pianos and tools in the space 5, anti, w btn 
pulled forward covers the tools in the space e* This board may well be left ml A 
partition board d between 5 and c comes nearly up to the sliding board, and is giwral | 
into thu 2 ends. A second partition e in the middle of the space h is 4 in* broad, and is 
also let into the ends* These 2 partitions are made of }-in, wood, and these grooves inwt 
bo made in the ends to receive them before the body is knocked together, A atm 4 f 
Venetian red and ochre, with a little glue size, is mado somewhat thin, and applied but 
to the wood with a piece of cotton rug: then, after standing for a few minutes, m mrh , 
ns will come off is rubbed with another piece of rag, stroking always with the grab* Ii 
a short time this stain will dry , when it is sandpapered, using the finest The body it 
next put together with thin glue, using a small brush for the dovetails, and taking ru* 
that no glue gets on to the inner surface, as taking it off afterwards leaves an umiglittf 
mark* It must be borne in mind that in dovetailing a box sndi as this, the 11 pios m 
always on the end pieces; consequently they are cut first In “rapping” the body 
together, a somewhat heavy hammer is used, and always with a piece of wood to protat, 
tho work from injury* Tho 4 camera are glued and rapped up close* The box hi to 
bo ** squared.” A rod of wood, made like a wedge at one end, and applied from mtf 
to comer diagonally inside, is the readiest method of squaring, a pencil mark bditg 
made on the side of the rod just where the side and end meet; then the rod being jjW 
diagonally from the other 2 corners, the pencil mark will show at once whether the 
is squared or not; and* if not, the fowp comer must bo pressed or pushed to bring it I 
ihe square. A bottom / is nailed on of |-in. wood, with the grain running acrt**-U 
from back to front. Then a band ij of wood, 2£ in. broad and 1 in. thick, is nailed tm* 
tho bottom, and Hush with the outside of tho box all round. The 2 long pieces nt 
nailed on first, and the end ones are fitted between them. To secure these bars or hash 
properly, a few lj-in. screws should be passed through the bottom from the iusids ic!» 
thorn* The box is then planed truly on the outside all round, finishing with a tw 
plane and sandpaper. A band h is made to go round the sides at the bottom, 
another i at the top or upper edge ; that at the bottom is 3J in* broad and } in. ItiA 
nud that at tho top 2£ in. broad and £ in. thick. It makes the best job to dovetail ih* 
bands at the corners, making them of a size to slip exactly on to the body of the dwA 
The upper edge of the bottom hand, and the lower edge of the upper, ara moulded ciibcf 
with an 11 ogee " or u quarter round." ’When the bottom band is in a position for nailing* 
it covers the bottom bars and the edge of the bottom, coming up the aides of the ki 
about 2 in. Tho upper band is fixed $ in, below the edge of the body; this fonei * 
check for the lid, tho bottling for tho lid being made to chock down on this band Tk 
Sid is made of pine, £ in* or 1 in. thick; it has erase ends, 2& in* brood, mortise! «*■ 
These prevent Ihe lid splitting or warping. After they are glued and cramped anjt* 
lid is evenly planed and squared to the proper size, which is in. larger than tht? bdj 
of the box on front and ends, and | in. over the back. The lid is fitted with 3 hr»s 
butt hinges 3 in. long. The lid, being temporarily fitted, is taken off, and a skiitsflf 
put round it—that is, on front and ends* This skirting is 11 in. broad, and X in. lb*4. 
of hard wood—oak or black birch. To make a firat-rate job of this skirting it should to 
grooved, as also the chest-lid and slip feathers inserted. It should also be nailed with 
fine wrought brads, After it is firmly fixed and dry, it is rounded on the outer tdga 
The extent of the rounding is found by shutting down the lid and drawing all round rf 
the edge of the band, over which the skirting projects about ^ in. The inside of tot 
lid may bo panelled. This panelling is simply a fiat veneered surface, the 2 i 
being root walnut, and the borders rosewood; the veneering must be done before tU J 
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ing is pat on. The 2 panda are laid first; when dry, the cutting gauge ie set to 
i. t and cuts away the ever veneer all round, which, of course, gives a border of 2$ in. 
3 veneered with the rosewood ; 2\ in, also divides the 2 panels in the centre, and the 
mers are marked off with compasses set to I} in., and cut clean out with ft gouge, 
the edges are planed with the iron plane, and the rosewixxl border is planed and 
ed all round in the form of tL banding "“that is, with the grain running across and 
the length way of tho borders. The round corners are fitted in in 2 pieces mitred iu 
centre. A till has now to bo made. Tho body or carouse of this is entirely of j-in. 
«d. It has 2 drawers in tho length at the bottom, 3 in. deep on the fuoej 3 in the 
itoe in the length, 2| in. deep on the face ■ and over these ls a troy, covered by a lid. 
e face of this tray is in the form of 4 drawers, which are shams. The drawers are 
n_ broad from front to bock, and ran on shelves J in, thick, with divisions between 
the same thickness. The shelves and divisions, us also the edge of the lifting lid, are 
>ptd with rosewood on the fore edges, and the drawers being veneered wilk root 
not, the whole 1ms a good effect. The lifting lid is panelled with veneer, similar to 
* lid of tho chest, the rosewood border being 1} in, broad It is hinged with 3 brass 
ttrf, 1| in, Jong, to tku buck of the till, which projects upwards the thick ocas of the lid, 
I b veneered also with rosewood. This lid may be made of bay mahogany or good 
m : and if of the latter, it must bo veneered on the under side with plain walnut or 
kogany, to counteract that on the top and prevent warping. Tho carcase (case) of 
s till is constructed as follows :— 1 The 2 ends are cross-headed on the upper edge ; 
^ are 11 in, broad, and may be put oil with tho ploughs. Then tho bottom and 
helve* are squared up to the length of inside of tho chest, having been previously 
pped on the fore edge* with rosewood J iu. thick. The bottom is dovetailed into the 
ads, while the 2 shelves am mortised or let into the ends with square tenons, which 
s quite through, and are wedged. The divisions between the drawers are let through, 

! i wedged in the same manner. The front of the tray, which 1ms tho appearance of 
rawera, is of f-in. mahogany, veneered with root walnut, like tho drawer fronts, and an 
tattoo of the fore edges made on it by glueing slips of rosewood, | In, broad, to represent 
fore edges. The walnut front must, of course, be sandpapered before these are put 
The 5 drawers k are made entirely of straight, plain, bay mahogany, | in. thick, 
eptlng the fronts, which are J iu. The knobs l are of rosewood, £ iu. diameter. The 
y, covered by Ike hinged lid, is so deep ns to hold tho brace or tools of tho like hulk. 
© left and may be occupied with 3 shallow trays, one over the other, for holding the 
end bits belonging to the brace, and are very handy, as the bits can be arranged in 
*r p and the trays may be lifted out to the bench, when a number of the bits is wanted, 
e remainder of the tray is lined with green frieze, and hold a the brace, spirit-level, 
igrj, squares, and other of the finer tools. Tho 2 long drawers at the bottom are used 
chisels* gouges, spoke-shaves, mltre-oqures, &c t , while the 3 upper ones are for 
lleU, bradawls, compasses, pliers, and sundry small tools. Iu the space 6, in the body 
lie chest and under the till, the planes arc arranged as shown. In front of them is a 
ce 4 in. broad and the full length of the chest. In it long tools, such os the trammels, 
kept, and any planes that the hack a pee will not admit, such as raglets or grooving 
r>«, which have 2 wedges. It is also useful for holding drawings of large dimensions, 
ed up, where they are safe from damage, and in cases of removal it is the receptacle 
the hood-sawa and other tools which usually hang upon the wall, 
ft iA —A fnll-iised cabinet-makera 1 bench is generally 7 ft long and 21 ft. wide, 
a very convenient size is 6 ft, by 2 ft. Such a bench is illustrated in Fig, GS3, 
Mop Li in 2 parts, the front portion a being 15 in. wide and of 2J-in. red or yellow pine, 
d and straight; the hack portion b is only 9 in, wide and in. thick. Both arc 
wjitod by the cross mils e; end the back part has a fillet tf, 1 in, thick, screwed to it 
nch m position that its top edge is flush with a. The rails e, 5 in. by 2 in., are crowed 
ie top end* of the 4 legs of g^xl red pine, the % back onea e and ri%\A tevA ota j 
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measuring 4 in, by 2 in., while the left front quo g is 6 in. by 2 in. The back fcgu 
diverge at foot to give greater steadiness to tho bench, The top is second to the ruiln 
by screws put up from beneath. At bottom, the legs are joined by mils h, 3 in, by 2 in., 
dovetailed into them and held by screws; boards i are nailed to their under side, to fora 
l capacious tray for holding tools. The bench stops k are let into boles which atm 


Cm3, 



clear outside tho>ail <?. Tho bench vice l baa its outer chock working against tho W) 
by means of the screw m passing through both. At the bottom is a “ runner fl or 44 ewofd 
w, consisting of a strip of wood, 2 in* by £ in,, mortised into the foot of f and sliding is * 
corresponding groove in g, where It is pegged by an iron pin at suitable distance If 
keeping the jaws of the vice parallel* This is further aided by the sapplenM 
aide screw o, Tho holes in tho leg / and central bar p hold strong pegs for support* 
ing the ends of work while it is being manipulated in the vice. The space bdwetn th< 
top ci and the rail r may be made into a shelf only, or partially occupied by a dafW 
as at *. 

Planes,—Besides the ordinary planes* the cabinet-maker uses a 11 too tiling * pU** 
This has a stock similar to the hard wood hand-plane, but tho iron, instead of haring & 
cutting edge, presents a series of sharp teeth to the w ood. This serrated edge it* faring 
by long narrow grooves on the face of tbs iron next the wedge, ami w hen the iron it 
ground in the usual manner these ridges terminate in sharp points. In setting-up thit 
iron on tho oil-stone, only the ground back is applied to tho stone. The position of 11* 
iron in the stock is nearly perpendicular, bo that it is simply a scratch plane, and ntrilfl 
no cover like the others. Its use is to roughen the surfaces of pieces to bo glad 
get her, for while it tokos oft' the ridges left by the half-long or panel plane, it rooghuai 
tho surface by scratching, thereby adapting it better to hold the glue. All surface* to 
bo veneered upon, as well os the veneer itself, are scratched wilh this piano. 

Dowel phxto.—Tho dowel plate is a steel plate about } in* thick, with holes ton* 
^ in. to | in,, and centre-bits arc fitted and marked so that dowel pins mode in the tod# 
will fit holes inode by the corresponding bits* 

Smoothing implement *.— Tho ** scraper ” is a bit of steel plate about the thlcknotf 
a hand-saw blade, 5 in, by 3 in, ; its use is to take off any ridges left by the fmwtfcutf 
plaiw in planing hard wood, producing a surfacu perfectly free from lumpinea; hi* 
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ore the sandpaper* Sandpapering is done with the paper wrapped round a 
cork* The usual size for large flat surfaces is 5 in. by 4 in., and about 1 in. 
Jne side is made quite flat* and on this the paper is placed. Pieces of cork are 
nil kinds of sandpupering.—hoIlowB, rounds, mouldings* Ac.,—the cork being 
dtk die rasp, to fit the part to be prepared. 

*g Tt.st, —The sawing rest or “ bench boy " used by cabinet-makers differs from 
rtoyed by carpenters (p. 261) in being shorter and broader, say 10 in. by 6 in., ol 
?, the fillets being of mahogany* 1| in. sq., let into grooves, glued, and screwed. 
dmg board.—This contrivance for holding strips of wood while under tho 
g plane same what resembles the shooting board (Fig. 263, p. 191X It consists 
ik a of IJ-in. Boy mahogany, 6 ft. long and 6 in. wide, having attached on its 
irfiice another board 6 of the same length but only 3 in. wide, thus forming a 
Fig, t>84). The upper board h is free to move laterally on the lower om by 
f slots c 2 in, long, through 
srews d pass into the lower 
Thus the width of the step 
ted. To suit mouldings of 
sizes it is well to have 3 
anis h, | iu~, § in., and £ in. 

II slotted to fit the some 
At each end is fixed a bench 
exactly like that shown in 



, p. 354, 

tig and Shooting board.—Hero again the article used by carpenters (Fig. 260, 
a replaced by a shorter farm more suited to light work. It is made by screw* 
tber 2 pieces of Bay mahogany 30 in, long, 6 in. wide, and I in. thick, one 
iug tbo other 2 in. sideways, so os to form a step 4 in, wide. This const)- 
; shooting board. The mitring is effected by a triangular piece screwed to the 
JL about the centre, with its apex touching the margin of the step, so that its 
m exactly angles of 45° with the step. 

—A wooden vice with jaws 6 in, wide is very useful for holding small work, 
i the bench or in the bench vice, 

Bering*—This name is applied to the practice of laying very thin sheets 
Hem) of a more valuable wood upon the surface of a less valuable one, in 
gain superior effects nt reduced cost. 

method of cutting veneers, as conducted by the Grand Rapids Veneer Co., is 
cribed. In the first place the log Is drawn up an inclined piano by means of 
nd brought under a drag saw on a platform at the top, where it is cut to the 
spiled in order to fit the cutting machine. On ono side of this platform, which 
e the factory building, is a row of steam boxes, in one of which the log is placed, 
red to remain about 12 hours, emerging in a very soft and pliable state. This 
iry to prevent chipping and breaking while going through the cutting process, 
to render it more easy to cut. It is lifted from this place by a powerful crane, 

?r the bark has been peeled off, placed upon the cutter. A veneer cutter 
a a gigantic turning lathe, with a knife ground to a maw-like edge running tho 
agth of Ihc log to be cut. It is very massive, the knife being backed with an 
a iron beam, and tho other portions are fixed in an equally solid manner; for 
itcst tremor or yielding in any part would tear the veneer and render it useless, 
bine used by this company weighs 10 tons. The chuck consists of a large iron 
iteh i» hammered into place by a heavy swinging maul. The log having been 
i position, the cutter is set in motion. The log revolves against the knife, and 
er is pared off in a continuous sheet So smoothly and easily dots the machine 
A it U almost impossible to conceive of the enormous power that vs exfirtnA. 'Y\» 
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feed is supplied by moans of a revolving screw, which may be gauged to produce a 
veneer of any thickness from that of a sheet of tissue paper to f in. 

Of eotiTte there is a limit to the diameter which the machine can cut; and after it 
has done its work, a piece 7 in, in diameter is left. In plain native woods this cm ho 
easily put to other uses ; hut in French walnut burls it ia too valuable to be lost. In 
such cases, therefore, the knot is fastened to a stay log on whose centre it revolves, anil 
thus very little, and that the least valuable port, of the costly material is wasted. Tta 
nsh burls, which the company are now cutting, are brought in from the surroauilimj 
country, and they avoid the necessity of a stay log by having a sufficient part of tl» 
trunk on which the burl grew left to serve for this purpose, Aa the sheet* ef venef 
come off the cutter, they are taken to r saw which divides them into the required widths 
and tiro then put through the drying machine to remove the moisture with which tLu 
steam bath that they have received hoe saturated them. The subject of diying b*Mlm 
one of the most serious problems with which those in the veneer busines* have had to ' 
deal, A dryer is used by this company, who claim that it Is both thorough and rapid ii 
its operation. It consists of 2 series of steam-heated rollers, enclosed in an uuo Uu, 
between which the sheets of veneer pass as through a pinner, emerging in a thurougltlf I 
dry state and pressed perfectly flat. The drying is still further expedited by a blast df 
hot air forced into the iron box referred to by a fan blower After going through Ihh 
process, the veneers arc taken to the second floor, and such of them as are intended to t* 
sold in this state are packed away, while the remainder is made into 3-ply panels to to i 
used in the manufacture of bedsteads, for looking-glass backs, Ac. These 3-ply prett j 
are made by passing the veneers through a glue machine, and then placing them fa * 
prevs. Great strength it secured in these panels by having the grain of the middle lnytf 
of veneer tun at right angles with that of the 2 outer layers. 

Gene rally speaking, straight-grained and moderately soft woods are sliced off s Vt s 
by a weighted knife with a drawing cut, the log, or burl, being 10 ft. long,atulthe 
veneers varying from } in, to ^ in* in thickness, the width corresponding, of coai*, 
to the diameter of the log* A knife much in e which gives a half rotary movement to > 
semi-cylindrical turned log, allowing a veneer to be cut following the log's tlUincM 
produces wide veneers from logs of small diameters. But such woods as ebony ud 
lignum vitro cannot be cut with a knife, while finely figured atid consequently ck#- ] 
grained mahogany, and some rosewood, are difficult to cut* The saw, therefore, ho* iW 
place. Such saws must be very thin, and so finely adjusted that hardly the digbfcrt 
variation will occur in the thickness of the veneers turned out. While a nicely iiwag* 
circular saw will turn out boards varying ^ iu. ( which would be imperceptible, tocb * ' 
lack of uniformity in thin sheets would prove u damaging imperfection. Before bewl 
cut, the veneer material must be carefully steamed, the same ns in bending, A tifW 
box 12 ft. long, and 4 ft. deep and wide is used, and exhaust steam is utilized. Anouk 
nary wood like black w alnut, which has an open grain, will steam sufficiently in 6 bon* *! 
hut the close-grained South American vroods require 3fi hours. Mahogany wifi lfe*J) 
sufficiently in 24 hours. Mahogany, tulip, and rosewood, being hard to cut, require w«* 
and careful steaming, and a knife in the best condition. The veneers wrinkle wh* 
laid together, but straighten out readily when glued properly to a body. Veneer* 
dry in the air fb about 12 hours, but are not kiln dried, although the latter mctM 
is used for lumber out of which veneers are to be made. 

The softest woods should be chosen for veneering upon. Perhaps the best for*** j 
purpose ore 12 ft* in length, of perfectly straight grain, and without a knot; of courw^ 
one ever veneers over a knot. Hard wood can be veneered—boxwood with ivort t W j 
Instance ; but wood that will warp and tw ist, such as cross-grained mahogany, ma^to 
avoided. The veneer, and the wood on which it is to be laid, must both be carvfaUf 
prepared, Hie former by taking out all marks of the saw on both aides with a fine 
log plane , the latter with a courier toothing plane. If the veneer happens to be 
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\ doing this* it may he repaired at once with a bit of stiff paper glued upon it on the 
ipper side. The veneer should be cut rather larger than the surface to be covered ; if 
auch twisted, ii may be damped and placed under a board and weight over-night This 
area much trouble; but with veneers that are cheap it is not worth while taking much 
rouble about refractory pieces. When French walnut burr is buckled or cockled, as not 
infrequently happens, it is treated on both sides with very thin hot size, and, when quite 
I tf, placed between hot plates of zinc, or hot wooden cauls. This is done with the whole 
vetieer, and it is out afterwards. The catting is not easy, owing to the tendency of the 
vetieer to split. It should be placed on a flat board, and marked to a size a little larger 
thin necessary; the veneer is then cut lengthwise by a steel point or marker against a 
straight-edge, cuts across the grain being done with a fine dovetail saw. Very plain 
woed can be cut with a chio&t or shoemakers' knife. Walnut burrs are best cut with 
mmjTK 

There are 2 ways of Axing the veneer, known ns u hammering J> and 11 cauling/* alike 
in that they are both methods of applying pressure, but differing in that the former la 
torompanied by damp heat, the ktter by dry, 

la either ease* the wood to be veneered must now bo sized with thin glue? the 
cjdmorj glue-pot will supply this by dipping the brush first into the glue, then into tho 
Iciling water in the outer vessel. This size must bo allowed to dry before the veneer is 
UkL Suppose now that veneering by the hammer process is about to commence. The 
glut m m good condition and boiling hot; the bench is cleared ; a basin of hot water 
the veneering hammer and a sponge in it is at baud, together With a cloth or two, 
and everything in such position that one will not interfere with or be in tho way of another. 
Then:— 

(3) Damp with hot water that side of tho veneer which is not to bo glued, and glue 
the other side ; (2) go over ns quickly as possible the wood itself, previously toothed and 
■bed; (3) bring the veneer rapidly In it, pressing it down with the outspread hands, and 
taking care that the edges of the veneer overlap a little all round; (4) grasp the veneer¬ 
ing hammer dose to the pane (shaking off the hot water from it) and the handle pointing 
awraj from you ; wriggle it about, pressing it down stoutly, and squeezing the glue from 
the centra out at tho edges. If it is a la’ge piece of stuff which is to be veneered, the 
to-iitanee of a hot iron will be wanted to make the glue liquid again after it has set; but 
do not let it dry tho wood underneath it, or it will barn the glue and scorch the veneer, 
fcfjii ruin the work. (5} Having got out all the glue possible, search the surface for 
blisters, which will at once be betrayed by the sound they give when tapped with the 
handle of the hammer; the hot iron (or the inner vessel of the gluo-pot itself, which 
alien answers the purpose) must ho applied, and the process with the hammer repeated, 
IVhen the hammer is not in the band, it should be in tho hot water. The whole may 
lum be sponged over with hot water, and wiped ns dry as can be* And observe, through¬ 
out the above process never have any slop and wet about the work that you can avoid. 
Whenever you u>*e the sponge, squeeze it well first. Damp and heat aro wanted, not 
Wrt and heat. It is a good thing to have the sponge in the left hand nearly all the 
t-ms, ready to take up any moisture or squeezed-out glue from the front of the 
hummer. 

The veneering ** hammer ” resembles an ordinary hammer in little but its shape, the 
turner of tmiig it being altogether different. The form of the hammer * too presents 
•am* variety. In Fig. 685, A is what may be termed the “ shop ** style of veneering 
kuiimer-head, while B, C are such as may be made by the operator himself* The form 
A ran be purchased at a dealer's and fitted with a wooden shaft. The form B is made 
irj the following manner: a handle a, 12 in, long and 1 in, thick, is inserted in a hole 
bjred in the centre of a piece of hard wood 6, 6 in, sq, and l in, thick, in the bottom 
of which a slit about 1 in* deep is cut with a thick saw, and into tti\a Ato. \a ftXfusA 
* piece of iron or steel pfoto e f 6 in, long and 2 in, wide, secured by 
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This done* the comers of the top and bottom edges of tho wood b, and the edge of tha 
plate e aro nicely rounded and smoothed* The construction of 0 is evident from tho 
illustration; a is tho handle; fc, the bead. The hammer, of whichever shape, is employed 
as a squeezer for pressing out superfluous gluo; it is therefore held by one baud gracing 
the handle and the other pressing on the head, and is moved, forward with a rigiag 
motion, each end of the head advancing 
alternately in short sliding steps. ew. 

It may sometimes happen that when the 
veneer is laid a fault may be noticed which 
renders it necessary to remove and relay the 
veneer. This is difficult to do without 
damaging the veneer* The beat plan is to 
first thoroughly clean the surface by hot 
dump sponging ; then dry and warm it by a 
fire, and while hot rub in linseed oil; hold 
to the fire again till the oil has disappeared! 
and repeat the oiling and warming till the 
glue beneath is bo weakened that the veneer 
cun be gently stripped off. Both old glued 
surfaces are thoroughly cleansed and roughed 
by the toothing plane before relaying is at* 
tempted, The projecting edges of tho veneer 
can be takeu off by a sharp chisel or piano 
when the whole is quite dry and firm, which 
omi is attained by placing tho work under 
weights supported on an even surface, and 
leaving it iu a warm room. The difficulty 
with hammer veneering is that tho glue ia 
not kept always sufficiently hot am! that 
therefore it does not get properly squeezed 
out at the edges, and sometimes so much 
hot water has to 1>© used in tho operation that 
the veneer swells and shrinks to a degree 
that Bjioiis the look of tho work. Still, with 
care, it is quite feasible to lay flat veneers 
up to 5 ft. long and 18 in, wide with the hammer in a satisfactory manner. Tho worked 
of the hammer should always be from the centre outwards. The sponge and hot 
water, or the heated flat-iron, is applied when tho gluo sets, or an air bubble get* 
entrapped so as to form a "blister/ 1 To veneer a convex surface, it hj only necessary t’ 
wot the veneer on one aide, when it will curl up so hb to fit a convex object ; it should 



be held in place by binding round with some soft string. 

In veneering with a caul, the process is identical with that already described os to 
as tho glueing: the difference commences in the mode of applying pressure to tniun* 
adhesion between the body and the veneer. Cauls are made either of welbseasoned pin* 
or of rolled sdne plate, with a surface exactly the converse of the veneer to bo 
Hence cauling, while superior to hammering, and in some oases indispensable, is much tn^rt 
expensive, as, except in tho case of small flat w’ork, a new caul is required for every ns* 
outline presented by the various veneered articles. The substance of tho caul, especial!j 
in tho case of wood, should bo thin enough t© bend slightly under great pressure; nu-l 
it should fit somewhat more closely at the centre than at tbs edges, so that* vlus 
pressure is applied, it will pass progressively from the centre n-utwards. The object df 
the caul is to rettielt the gluo which hna been spread on the body and the veneer, for 
which purpose It is strongly heated before \ \iumafe \a them applied to 















Cabinet-making— Veneering. 


359 


various wavs to expel the superfluous glue and increase the intimacy of contact* Small 
cauls of 1-In* pine forfint work may be pressed by means of wooden hand-screws, applied 
ai short intervals, commencing always in the centre* The caul should bo planed true 
and smooth on both sides, toothed, and saturated with linseed oil, which last not 
only augment* the heat, but prevents escaping glue from adhering to the caul. Tbia 
adhesion of the glue to the caul, which would damage the work, is also avoided by 
soaping the caul, and by covering the veneer with a sheet of clean paper* 

When the veneered surface is eo large that it cannot conveniently be pressed by 
means of haud-aorews* the work is placed in a veneering frame, as shown in Fig* 
€*& It consists of 2 upright bars u, 3£ in* aq., with 2 rails b t 3$ in* by 3 in., lot into 
them, and having between the 2 
mils b a clear space of about 10 in*, 
in which works t he movable bar c, 

3 La by 2} in., its position being 
ttgulafced by the 3 iron screws d, 

VI in. in diameter. The bar c is 
toadri with a slight curve ou the 
itmkr ride, bo that its pressure may 
bt! exerted first on the centre of 
the work. The middle screw is 
tightened up first, and followed by 
tie others* Tliis middle screw has 
*■ mu under a collar Jot into the 
Upper ride of <% so as to lift it when 
***co*ary, while the side screws 
•imply press on little iron plates r. 

Xhe frame will admit work about 
- ft* wide; a number are used 

tether in a row according to tho length of the work* Where steam is available, 
•rimitage is taken of it to heat a couple of iron plates arranged together so as to form 
% tbrilow tray, and with their opposing faces quite true; the work is placed between 
Uj+ iTi and pressure is applied by iron screws. 

Wooden cauls aro far inferior to those made of smooth shoot zinc in. thick: 
thLto arc more easily and quickly boated, and never adhoru to the glue which comes 
contact with their surfaces. For work of large size it is most convenient to mm 
tb,,Wt zinc in eevemt pieces placed closely edge to edge. 

So far, tho veneering of flat surfaces only has been dealt with. For small corners 
tfciri places where no clamp will hold, it will bo found very advantageous to employ 
tlsedlo points such as am used by upholsterers for securing gilt mountings ; these can 
dmwn out when the work is dry, and tho small punctures remaining in tho veuoor 
^ill bo effectually hidden by the polish subsequently applied. For simple rounded 
Ccrinrtfx) work, an effective and easy plan is to encircle the work with pieces of string or 
Wm- tied at intervals, commencing in tho middle, and placing slips of wood between tho 
•trmg and the veneer to prevent the latter being cut into* A useful contrivance as an 
^avmutj to the hammer process for round work (Fig. C87) is made by attaching the 
ends of a piece of stout canvas a by moans of tacks b to the aides of a hard board c, 
father narrower and longer than the work, and provided with screws d. Tho work 
put into the receptacle with the veneered side towards the canvas, which latter is 
fcjfrjiight to bear tightly against it by turning the screws d till they hold finely against 
Um hock of the work. When the work is thus fixed, the canvas is soaked with hot 
filter, and warmer!, the screws being meanwhile tightened a little. As the gluo com- 
•twuccs to exude, tho veneering hammer is passed over the canvas 

and the pressure is carried to a maximum degree, when tho vfttfftfe va 
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for 24 liouTs to ecu For the varioui forma of moulding and complicated mill: 
is necessary to make a wooden caul having exactly the converse form of the 
to bo veneered ; this is saturated with linseed oil* soaped, or covered with No, 1" 
zinc shaped to it and held by tacks at the edges. The veneer may foe made to j 
a n ogee form by wetting one half its width on one side, and the remaining 1 
the other. When the work admits of 
it, 2 pieces may be veneered at onoo 
by heating the caul on both bides. An 
effort should always be mu tie to utilize 
tho figure of the veneer to the beat 
iidvantage, as will be ascertained by 
trying tho effect of different positions. 

When a surface is too large to be 
veneered at one operation in a con¬ 
venient manner, it must be done piece¬ 
meal, taking care that the consecutive 
pieces match well in figure. In doing 
work piecemeal, the uncovered surface 
becomes coated with tho glue squeezed 
out of the covered portion; this es¬ 



caping glue should be cleared away as 

fast as it appears, and even then there ia a risk of its forming a thin glaze 
wood, so that it ifl the safest plan to scrape it and pass the toothing piano over ll 
before veneering. 

In veneering nn a highly resinous wood, such as pitch pine, there h a rkk oft 
employed in laying the veneer drawing some of the resin through and spoil! 
work. To prevent this, the surface may be superficially charred previous to layi 
veneer, by spreading over it a compound of beeswax and turpentine, in snob 
lions as to produce a thin and not pasty mass, and igniting it at one end. By l 
gently, the flame may no encouraged ad over the surface, charring it slight 
especially attacking the resinous veins. The loose charcoal is brushed away as ■ 
formed, leaving a firm yet charred surface. This is gone over with the tooth in 
In a transverse direction, and then well worked over with thin glue before lay 
veneers. 

Tho veneering of a bod panel whoso length requires 2 veneers is thus di 
by Edgar, Take the 2 veneers, pair them, cut them to tho sizes required, and ger 
them between 2 boards until they are perfectly fiat. Then proceed to carefully tool 
on the rido to bo glued, and if they are roughly sawn, tooth tho ridges of the c 
by so doing you will get a thoroughly fiat surface when judiciously cleaned off. 
you have a caul press at your convenience, gently rub some glue over that par 
brood end of the feather that contains moat end grain, placing a piece of oJ< 
book or other paper over the same; this will prevent it from adhering to m 
by which it is laid, and also aid in strengthening the end grain parts together, 
thoroughly dry, joint it to make your full length, nnd be careful that jour 
slightly hollow. Those end-grain parti that you recently papered, are sure to 
^y the steam driven out with the glue by the heated appliances necessary to Is 
When the same class of panel is to be laid by hand with the veneering hanmu 
fully dry and tooth your veneer as before mentioned, fix your panel firmly ta the 
and proceed to lay one half; have the glue well boiled, thin, and flowing clear * 
from strings, and rnirendered bits; glue the leather on the side to be laid, place it 
panel, and with a lack or two to keep it in position, glue all over the on laid* 
veneer* Now move a warm flat iron, not so hot &a to scorch the glue, over the 
of surface you consider capable of laying m V\xe owii \a\L Gw no account u*u 
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Study 1o work from tho contro to either end of the piece you are laying* Having got 
all down, clean all glue off, putting the same in your pot for further use- Now with a 
hed sponge, rinsed out of water in glue kettle, thoroughly clean your tools for the next 
operation* After a few hours* proceed to make your joint with the other half, carefully 
observing your joint is slightly hollow* As heretofore* with the panel firmly fixed to 
the bench* the glue and iron hot* proceed to lay 0 or 8 in. near the joint* working your 
veneer hammer as much as possible across your voneer Unable with the joint Having 
got your joint good, glue a piece of paper over the same to keep all air out, and proceed 
to ky the remainder, in no case using water till all is laid ; scrape nil glue off into glue* 
pot, and with hot sponge clean tools as before* Should the end grain blister* wait till 
all i« laid, then with a line needle point make 2 or 3 punctures for air to escape. Now 
with a small piece of hot wood* a bit of paper between* arid a little pressure, you will 
tsaily master the blistered part* In making a star panel, or so many feathers graduating 
from a centre* it answers well to lay every alternate veneer* such ns 1, 3* 5, and 7, in 
in Bisection panel. 

To lay veneers on panel of foot end of bedstead* shoot the joints and lay alternate 
pieces* leaving them till quite dry. When dry* shoot the remaining pieces In* This 
will make good joints, and the curls will not shrink when dry. The curls can only bo 
laid by hammer, and must not be jointed dry* 

The difficult process of butt-jointing curls of Spanish or Cuban mahogany is thtn 
described by Cowan :— 

There are 3 or 4 ways of butt-jointing curls; but the only sure and certain way 
ifl by crossing the joint with a piece of inch deal. First flatten about 7 in* of the 
veneer from the butt with hot wood cauls or zinc plates; when gripped, dry the rest 

tin: veneer carefully, it is so liable to crack and buckle with the fire: when set 
and cool* joint both on shooting board, keeping them in their natural position if you 
wish them well matched, but before shooting damp 1 in. of the wood from the end on 
loth aide*, and give them 10 minutes to swell* else your joint* when made* will bo 
dose in the middle and off at the ends. When shot to a joint* try, os directed in 
straight jointing, then take down on flat board, take a piece of soft wood 2 in. wide, 
warm (not hot), and glue on to the joint with pressure* in half an hour you can 
koto it and turn it over aud see if your joint is perfection* if so you may proceed 
with the laying. This time you must warm your ground * and in the middle only, 
and glue sharp a belt 2 in. wide corresponding to the piece of deal glued on the 
mteer* fix quick with 2 hand-screws previously set to the size, so that there be no 
bungling at tho critical moment. Now you may more leisurely proceed to lay tho 
toil ends. Have 2 cauls in readiness* the size (all cauls ought to be larger thou the 
venter, as the beat leaves the edges first, and if the glue gets set at the edges, it 
will not move freely from the centre; Ihc result h lumpy* bad work), and hot as fire can 
make them—as before, have your band-screws set to tho size; get help, and the 
quicker you get them on (one at a tune) the better the work. Begin at the centre, 
and work out to the ends; before caul lug, raise the veneer and glue the ground 
well; em that the glue-brush ranches the central glueing. Now all being screwed up* ace 
there is no slackness many one of the band-screws* for much depends ou the uniformity 
oi the pressure. Leave to cool for 2 hours. When the screws are taken off* leave the 
work face down, on a wood floor for 2 days* At the expiration of that time you may 
remove the piece of deal from off the joint by planing, and not by heat or water; when 
the planing goto near to the Veneer* use tho toothed plane. As curb frequently pull 
hollow on the face, it to desirable to damp the ground on both sides* aud oefore quite dry* 
siie the face ride* and ibis ought to be done so that the damping and the sizing are not 
quite dry at tho time of laying. To ensure good work, veneering should be 2 or 3 weeks 
la a dry warm place previous to cleaning off. The neglect of thU urns* ill 
pain stoking, {A,maUur Work*) 
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Cleaning off consists in planing, scraping* aad sandpapering the veneers ready for trjw 
nititling or polishing. When the veneer is not excessively thin, it is planed with a hard¬ 
wood hand-plane set very fine. If too thin to admit of this, it ii gone over with a slad 
sera [ter, having a blade about 4§ in* long by 3 in. wide* and as thick as a saw. The 4 edg# 
of the scraper are ground and set in the following manner* First they are treated oui 
grindstone, to make the edge quite square in its width, bat a little bevelled (convex) i» 
its length. The burr produced by this operation is removed by rubbing the edgt* sii 
aides on an oilstone* This done, a slight barb is given to each edge by means of s 
sharpener consisting of a hard polished steel rod, 4 in. long and f in. thick, set in tQ 
awl handle, and applied at an angle to the edge of the scraper with heavy outward 
strokes, the scraper being meanwhile held against a bench by the other hand Earth 
edge is sharpened in the same way, and will bear 5 or 6 repetitions of the piece* 
before rogrinding becomes necessary* The scraper is applied to the work with draw¬ 
ing strokes, being held by the fingers and thumbs of both hands. When the pinning 
and scraping are complete, the work is finished by using Nos. 1§, 1, and 0 sandpaper 
successively. 

Inlaying *—Inlaying is a term applied to work in which certain figures which bira 
been cutout of one kind of material are filled up with another* Such work Is knowni# 
marquetry, Houle work, or Reiauer work. The simplest method of producing inlaid work 
in wood, is to take 2 thin boards, of wool, or veneers, and glue them together with paper 
between* so that they may be easily separated again. Then, having drawn the required 
figures on them, cut along the lines with a very lino, hair-like saw* Thin process it 
known as counterpart sawing, and by it the pieces removed from one piece of wood,» 
exactly correspond with the perforations in the other piece, that when the two us 
separated aud in tore Imaged. the one material forms the ground and the other the inky 
or pattern* If the saw be fine and the wood very dry when cut, but afterwards slightly 
damped when glued in its place, the joint is visible only on very close inspection* huJ 
then merely as a fine line. After being cut, the hoards or veneers are separated (which 
is easily done by splitting the paper between them), and then glued In thdr places cm 
the work which they are to ormuuoat* 

A new* method of inlaying is as followsA veneer of the same wood as that d 
which the design to be inlaid consists—say sycamore—is glued entirely over the iurfin-V 
of any hard wood, such as American walnut, and allowed to dry thoroughly. Tbs 
design is then cut out of a zinc plate about ^ in. in thickness, and placed upon lha 
veneer. The whole is now subjected to the action of steam, and made to travel between 
2 powerful cast-iron rollers 8 in* in diameter by 2 ft. long, 2 above and 2 below, which 
may be brought within any distance of each other by screws. The enormous preadiins 
to which the zinc pkto is subjected forces it completely into the veneer, and the vencti 
into the solid wood beneath it, while the zinc curls up out of the matrix it baa tfou* 
formed and comes away easily* All that now remains to be done is to plane down tbs 
veneer left untouched by the zinc until a thin shaving is taken off the portion forrel 
into the walnut* when the surface being perfectly smooth, the operation will he com¬ 
pleted. It might be supposed that the result of this forcible compression of the wood* 
would leave a ragged edge, but this is not the case, the joint being so singularly perfect 
an to be inappreciable to the touch; indeed, the inlaid wood fits more accurately than If 
the process of fitting, matching, and filling up with glue, as is practised in the ordinary 
mode of inlaying* 

Imitation Inlaying.—Suppose an oak panel with a design inlaid with walnut i* 
wanted. Grain the panel wholly in oil. This is not a bad ground for walmxL Wind 
the oak is dry, grain the whole of the panel in distemper* Have a paper with tbo 
design drawn thereon, the back of which has been rubbed with whiting, place it on fit* 
panel, and with a pointed stick trace the design. Then with a brush and quick vamiidi 
trace the whole of the design* 'When ttva \a &rj,with a sponge and 
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lore the distemper, where the varnish has not touched. This, if well executed, 
vents a most beautiful imitation of inlaid wood. 

Examples,—It will be useful to conclude this section with diagrams and descriptions 
i few representative articles in cabinet-making. 

Couch,—The style of frame il lust rated in Fig, 688 is known aa German. The main 
nta to be observed in constructing a couch are (1) let the height of the scroll be a con- 
dent one to give the head repose, (2) let the *♦ roll over M be so arranged that a “ break 


6 * 9 . 



ck ” result is avoided, and (3) have the vacuum, that used to be occupied by the sofa 
low, filled up. As the head or shoulders frequently seek rest in the comer of the 
>*. «t no obtrusive “show wood" work come in contact with them. Stuffing along 
b top of the back is the easiest way to secure comfort, but a moulded back may with 
re be equally successful. In the annexed illustrations the attempt is made to preserve 
e fashionable squareness without sacrificing the comfort of the ** German cabriole h 
k\ The manner of executing this design may be thus epitomized. Having selected 
table wood and carefully made the moulds from the scale given, get out (ho long side 
Is, mortise the feet, and tenon iho long rads; after laying moulding slips on same, 
ue and frame the feet on to the end of the long mils; then lay slips on end rails, cut 
tii length, and cross frame to 2 end rails. The slip for the elliptic end must next bo 
•J, after which dowel the end to the 2 cud feet. This will complete the groundwork 
the structure and pave the way for building up the scrolls and back. Use 2-in. stuff 
‘the front and lj~m- far the back scroll, and after laying glueing on the front scroll, 
*ce the scroll on the'end of the seat, and fix them with loose dowels, then mark off for the 
ui rails of the scroll ( the position of which is indicated in drawing), glue the scrolls ou 
! crrvd rails, and then dowel and glue them on to the scat of the couch. The next por- 
m is the back; the ** stump," demanding first attention, can bo dowelled or mortised into 
sition at once : the length of top rail is thus definitely arrived at. and it simply remains 
get out and fix it, ns also the stuffing rail below. Iron or wooden battens should bo 
el across the scat, and the couch frame is complete. 

To make a comfortable chair some respect must ho paid to the men sure* 
mto of the human body in a sitting posture. Thus in a man 5 ft. 9 in. high, the 
itance from heel to beneath knee-joint will bo 18 in.; from knee-joint to bottom of 
fl, 21 in. ; from bottom of back to shoulder-blades, 22-23 in.; thence to back of poll 
7 in. These indicate the dimensions desirable in the legs, seat, and back of the chair, 
3 leg® being somewhat shortened in the case of easy chairs. 

Fig. 6S9 well Illustrates the construction of a strong comfortable dining-room chair, 
nqtdiHo suitable wood having been procured it is dealt with as follows;—Having 
it of all got out tho back and 2 back feet, mortise and tenon them, putting them 
•tiler loose. This will give the pitch or angle of the complete back, and allow of 
its” being made for the top and spfot ; then mortise and tenon both t\vo\tftet 
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fit Tap the whole of the back loose, and if Ihe joint* arc close and satisfactory, 
now prevents the glueing up of this part of the chair* The next portion to prod 
is the front; cither mark off the front rail with a square sod straight-edge* or 
fit, which is more convenient. The square end or templet shown can then be 
mortising and tenoning the front, 
and the front end of side rads. It 
will bo noticed that the hack tenons 
are not square; they “spring in" 
slightly towards the chair. This is 
necessary in such u shaped seat for 
ease in crumping, because if made 
square, when the chair was cramped 
up the tenons would break up. It 
is only in marking these tenons that 
the angle end of the templet proves 
useful, the *]ware end being used for 
all the other joints in the choir, The 
close braces shown in the drawing 
are merely fitted and screwed into 
position. They are introduced more 
for the Bako of appearance than for 
utility, for a well-made chair should 
not need such aids to strength, la 
this shape of chair, mortising and 
tenoning are eecOTed throughout, 
whilst a comfortable line adapted to 
the body is also obtained. This is 
one advantage of having the back 
feet to 41 run out, 1 * or go to the top of 
the chair, because it makes the mor¬ 
tising of the top possible, whereas in 
put-on tops recourse must belhiul to 
dowels, which are always more or less 
unreliable. The importance of well- 
seasoned wood need scarcely be 
urged; more especially let the wool 
bo dry upon which the tenons ure 
mode, for this reason, if the mortised 
wood should bo a little fresh it will 
shrink to the former, and thus make 
the tenons hold the tighter. 

Fig. 630 represents a show-wood 
gentlemen’s easy chair, whose construction may be summarized as follows:—3 
cut all the wood to the required dimensions, proceed to mortise and tern 
back feet, top, and splat to the bock, putting them together loose to test Ifar 
When the hack Ls built up, get out the beech rails and lay the moulding 
make the mortices and tenons and put in the aide rails, front and crosa-fami 
to the hack. Shape the arms to sleeve-board pattern, wider in front than at 
Glue and screw the moulding piece underneath them; and then loosely n 
and tenon the small end of the arm into the back, doing the tame with lie 
stump, which latter should be lapped over the aide rati of the seat to giw 
strength, as if only dowel led or mortised on the top it is apt to get loose, The 
bracket may next be marked off and hntU back and tm 
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x<i up completely. Rebate piece# are screwed in at the sides of the buck, but arc not 
ed*>i nt the top and splat, us sufficient wood remains for the upholsterer to tack to. 
this rlnaa of chair it is difficult to secure perfect head rest without carrying the hack 
high as to let the stuffing come under the poll ; but a stuff over back may he made by 
rUtag beech mils into the bock 



id hating the rise flat on top. 

Fig. GDI shows a ladies* easy 
ir to match the last mtsn- 
cned, and made in the same 
ay. the dimensions and design 
Ply differ!ng. Some makers are 
favour of do welling rather 
o mortising aud tenoning, us 
ttking away less wood; but 
lhUas the dowels are dry, the 
iag is perfect, and the glue 
good, “ rickets ” will soon 
£llDW. A simple protection for 
dowel joint id to plaster a 
ece of strong canvas over, 
till dowels may give way, while 
tenon with a pin through it 

In the divan chair illustrated 
Fig. 692, the frame is set out 
allow for what is known as 
e staffing, or spring edges 
seat. The making of such a 
it a simple matter, and 
be briefly described as fol- 
:—First make a mould for 
back, taking care that it 
a nice graceful line ; no other 
will be required for the 
os the rest of the pieces 
straight. Got out 
the thickness indicated, 
then fit up the back, square 
top and bottom, as shown; 
vo if im between the top of 

seat and the stuffing rail to allow for tho double stuffing mentioned above. If 
chair is to be upholstered in the ordinary way, with the usual thickness of 
t, only 2 Li. need be allowed between these rails. Having thus got the bock up, 
glue and frame up the front, and then cross-framo tho chair together from back to 
tpmL In fitting the spindle stump which supports the arm, tho best plan is to first fit 
arm on the stump, a pin having been left on the latter, which may be allowed to 
a right through the arm, and can thus be wedged in the top when finally fixed. 
Mas fixing, however, mortise and lap over the square lower portion of the stump on 
lo the side rails; when properly adjusted, the arms can be glued up, and the chair 
frame is complete It is as well to place an iron batten under the seat to give extra 
strength. An excellent plan to finish off a frame of this kind is to glue over the joints a 
•tamg piece of canvas; thus protected, the “ rickets*' are almost impossible, even if tivw 
ituff is a little 4 fresh/ 1 Either dowel&f of mortising and tenoning, msej \#s 
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fore be had to dowels, atid if they nr© judiciously placed, groat strength will be fcfvnnd. 
Having squared the legs and fitted the 4 parts to thorn with dowels, the amt am begM 


in the manufacture, The sixes given will answer equally well for a similar chair with 
" stuffed-in " arms, If, however, the latter are required to be full in the stuffing, ta 
extra 2 in. should bo allowed in width of seat For a ladies* chair to go will} thin, rim 
same moulds and proportions will 
do, if made 2 in. less nil ways (ex¬ 
cept in height of legs, which may lie 
about the same). As a rule, ladies" 
chairs are better without arms, in 
consequence of the extensive cha¬ 
racter of the dresses sometimes 
adopted. Arms are possible and 
comforting, if made 12 or 14 in. 
long, to catch the elbows. If an 
extra amount of ease is required in 
any of the foregoing chairs, they 
should be made with a seat sloping 
from front to buck; 1 in. longer in 
the front legs, and § in. shorter in 
the back, will give a desirable angle 
of comfort. It must be remembered 
that the joints in the side mils will 
require adjusting In order to suit this 
angie. 

The gossip chair represented in 
Fig. 693 is measured for single 
stuffing. The seat has an oval form, 
and the arms and hack are adapted 
to almost closely encircle the sitter. 

No support is provided for the head. 

First make the moulds, then get 
out the beech rails and frame the 
scat up. In tills shape of seat it is 
difficult to mortise and tenon, in con¬ 
sequence of the cross grain that would 
be involved; recourse must there- 
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Uowing way :—First gl m up and knock together a short and long rail with 
then the other 2 rails can i>e similarly treated; the 2 corners will then 
come together to the remaining leg®. After glueing and knocking up, the 
5 cramped in order to perfectly close the joints. Two methods arc adopted 
t the first of which is a long cramp from side to side, with another from end 



*t; this is a simple way and answers very well for a single article. But if 
such chairs have to be made, the “ collar method 11 is more convenient. A 
iuee of beech arranged so as to lap over seat rail, top and bottom, with an 
rmgh the overlapping parts and seat rail. The swivel action thus allows the 
brought round so os to find a bearing on the seat rail; and when another 
4 Pi the adjoining rail in the same way* and the ends of the 2 collars are 
, the joints are brought together most effectively without any straining 
ela> One pin-hole in the middle of each rail will give the needful 
s leverage of the collars* The next stage in the work is to get out rims* 
how-wood mouldings and the beech capping for the top, After placing 
lie seat, lapped through as indicated, the rims must be fitted up to the stump 
ister underneath fitted loose. The spindles* rims, and centre bracket, having 
lly adjusted* can now 1>6 glued up together; and after placing the small 
►racket on, the seat may he glued and cramped up to the stumps already in 
bo foundation of the choir being perfectly sound, the joints clean, and the 
3 m rickets, the 2 scroll pieces can be dowel led on to the top of beech rim* 
istment of the top stuffing rail between the scrolls la then a eimplo task, 
s dowels running through the upper beech rim and show-wood moulding 
ently bind them together. This style of chair will come out eflectivoly 
addition of the upper scroll piece® and stuffing rail, leaving merely a 
dl round; or, instead of spindles and show-wood stumps and mouldings, it 
> entirely of beech and u stuffed in " oil over, 

is a combination of an all stuff over and a show-wood gossip chair. The 
made just plain “ swoops/* without the turning os shown; but the latter 
unental and novel appearance not otherwise obtainable. A piece left on 
ms when the stuff is cut out makes it a simpler matter for the turner to find 
Get out moulds, then the rails, legs, &c., and lay the slips; then let a 
3 mouldings ; after this frame Ihe back feet on to the buck rail, and tin* 
i to tho front rail; the 2 latter, os may be observed, being square joints. 

\ angle of the side. This may be done in tho following manner. The lion, 
e of the aide rail will be found to be 2 £ in, out of square; tiua < 2 \Asi 
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angle, to which ** the bevel ** may be set; by simply measuring 2J in* from a straight 
liue 17 in. long (length of side rail), and setting the w bevel *' toangle*liue thus obtained 
Having adjusted the angle, the seat may be cioes-framed together. This pattern of stai 
mn be readily mortised and tenoned together, as shown, if desired, although dowels nr® 
usually applied in making such chairs in the trade. Do welling being the quicker ' 
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method, it is invariably adopted where price is an object. The back la made of bceck 
no show-wood being required in it. It can be got out and framed up independently of 
the other portions, there being the 3 joints in the back indicated, Before fitting Ik* 
back to the arms and Heat, got out the support or banister shown under the back: r ,!un 
It on the seat; then dowel and glue the hack anti banister on to the seat. Thu angto 
or pitch of the back would be de¬ 
termined by applying the mould 
of the arm and the slope desired 
for ease. The arms having been 
already got out, turned, and carved, 
the filling of the seat to the bock 
is a simple matter. Some care is 
necessary in placing the dowels, 
fixing the side arms to the back ; 
the position shown in the sketch 
is, perhaps, the most reliable. 

Fig. G95 illustrates the wooden 
frame necessary for an adult easy 
chair in needlework. The con* 
b traction is extremely simple. The 
first step is to strike out a good 
set of moulds, taking care to secure 
a nice easy line; then get out wood 

for the sides, allowing for the re* _ ^ 

bate as shown by the dotted line. It is then wise to let the carver do as much of ® 
work to the sides as he can. After obtaining the pieces from him, dowel* glue, & 
cramp up the back, feet, end sides. The cross rails can now be got out to tfi* 
indicated,, let into the aides at the points shown, and the chair framed up. The fad 
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these chaire are usually do welled on, and, if well done,'they arc fairly durable* 
ig pin left on the leg, square or round, m the s&so may be, is another method. 
; added the front legs, let the carver finish the incising; clean off, and the chair 

*kra*e (. Folding}, —Fig, 636 illustrates the construction of a folding portable book- 
bich may be carved and ornamented k> any degree. The 2 code a are 4 Ft. long 
1 and 1 ft. wide, either of 

board, or panelled as eae, 

; uprights b, 3| In. wiilo 
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in. thick, are fastened to 
nt, and similar ones c, 2\ 

| in. to the back. Cross 
are dovetailed into the 
u&» of the same width m 
irtghta, and similar ones 
i*ed into the tops, thus 
shallow boxes. The top 
the bookcase is hinged 
end underneath one cross 
folds down parallel to 
piece, allowing suffi- 
helund it to contain 

the shelve*. The bottom board forming the lowest shelf U hinged to the cross 
it thr bottom of the other end piece, with sufficient space to admit the second 
behind it. An the bookcase is 3 ft. 6 in. wide, the back may consist of 4 boards 
l together as at d, and folding neatly up. The space « will hold the ornamental 
er railing fitted to the top, and which is held in place when the bookcase is up by 
x tenons mortised into the uprights 5, The shelves are held up by shallow tenons. 
*ck is made of *~in, wood ; the ends and shelves are * in. 

i*t of Drawer *,—The following detailed and illustrated description of the cen- 
nfl of a chest of drawers has been modified from one which appeared some time 
a Amateur Mechanics, The example here given consists of a base, mirbaae, and 
rcaae or body. In the usual method of structure, a largo part of the work is 
ed* the whole front included. The gables and top are solid, usually bay mahogany. 
Lick, the top being clamped on the under side with pine to 1 £ In. thick, and 
ed round the edges to cover the whole. The breadth across the front is 4 ft, 1 in., 
in depth from front to back, 20 in. at the body or upper carcase. The base, which 
a called the foundation course, is 5 in. high, having 4 ball feet under it; these 
t3i». from the floor. Over this base is the surbaae, made to contain a large 
r f 12 iru deep on the face, and having the mouldings mitred on the face of it. The 
of these bases have semicircular blocks on the ends, that on the base being 
iruad, and that on the surbase 5 in. broad ; the ends of the drawer are fitted 
y between these 2 latter. The surbaae is screwed to the base, and the latter pro- 
eyond the former $ in, all round, Tho surbase ia surmounted by a 14 thumb ” 
eg, | in. thick, and over this is placed the body or top carcase. This contains 5 
»; their depths on the face, starting from tho bottom, being 9| in., in., 7| in., 
and the uppermost, that with the carving, 5 in. The top over this last drawer 
L thick, the total height being 5 ft. 4 in. Tho base is made of |-in, pine, and is 
sd all round. The surbase has solid gables * ill thick, and the semicircular 
locks veneered. The top carcase has a “ ground " up each side at the ends of tfie 
L This, including the thickness of the gabies, is in. broad and 2 in, thick, 
res of these grounds are veneered. At the top of the grounds are 
6 io. long, at the end of the top drawer, and the top over all towni 
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1 in. It is fixed on by mortice and tenon* the tenons being out on the end 
gables. It lias also circular blocks in front. Tlic fore edges of the shelves 
the drawers are £ in. thick finished. The shelves are dovetailed into the thick 
m front, raggled into the gables, and made fast by blockings glued in undernea: 
various moving drawers have fronts made of Ido. pine, sides and backs f in*, or* 
| in. The fronts are covered with showy veneer; the most showy, but not 
durable, being those known as curia These are short outs of tha log, bavins 
feathery-like appearance diverging from the centre. They are usually si 
long, and the 1 practice is to lake 2, cut from each other, to make a drawer fn 
being marked, when sawing, for this purpose. The drawer front has ooOMq 
butt joint in the centre, the spreading ends of the pieces being carefully jo 
that the same figure or marks in the veneer will appear going both ways f 
centre joint Those veneers are very showy, but they are very apt, after a 
get full of cracks, and with age they become very dark in colour. The draw 
are surrounded by a “cope" bead, £ in, thick, and projecting from the fin? 
veneer half that thickness. 

In the construction of the chest of drawers, Fig. 697* the first work is mil 
baser. This is 4 ft. 3$ in, long, 1 ft 10$ in, broad, and 5 in. deep, made of j»; 
The method of procedure is as followsMake a front a 5 in* broad, a back 6 4 io 
plane both sides, and to au equal thickness throughout; square both ends to I 
of I ft. 3 in.; plane and square up 2 end pieces e in the same way, 5 in. brood, 
long when squared up. The front and back are dovetailed into the ends, keep 
back flush on the upper side. The ends have a lip $ Id. thick, or, in other won, 
are not dovetailed through, but made exactly as is done with a drawer frout 
quently, when the h&M is put together, it is 4 ft, 3$ in, lung. This dorttii 
shown at tl, where one of the circular blocks « is removed. It is, of course, con; 
when those blocks arc glued in their places. Tim object of not dovetailing thw 
to avoid having end wood on the surface at any part to be covered with 
This rule holds good iu all veneered surfaces—namely* avoid having end 
side wood in the some veneering surface, as they do not shrink alike: in fact* «i 
does not shrink at all; consequently in a short time any such portion covered by 
is detected, as it stands above the surrounding surface. There are cue* in 
this cannot be avoided, but in most coses it can be guarded against. 

The base being dovetailed and glued together is to be “filled in." This fi3 
consists of pieces / of $-in, wood fitted inside the base at the front and entU, *l 
with the upper edges. The front piece is 2$ in. broad, and is fitted in neatly I 
the ends. The end pieces, which are brood enough if 1$ in„ are fitted in betw 
back of the base and the edge of the front piece, glued in and pressed close ail 
screws. Thou the base is turned over, and the angle formed by the has? f 
filling in is filled at intervals of 5 iu. or 6 in, with blockings 3 in. long. A pn 
the base blocked in this way is shown at g. The glueing surfaces of these K 
are about 1$ in. broad. In planing them, these 2 sides must ho at right ong 
roughened with the toothing plane. When the glue lias set quite hard, the 
planed straight and level with a half dong plane* the ends being made squire i 
front, and these toothed ready for veneering* 

The surbose* which rests upon the base just described* is 12 in. high, and cn 

2 gables, either of solid mahogany or pin© veneered. In either case, the gmn 
wood runs vertically. These gables should bo £ iu. thick, but, if of solid xm 
they are seldom made tnor© than | in., in which case they are clomped cm Ik 
with pine to make up the thickness. The breadth of the gables is 1$ iu, 3«m i 
base below, not including the blocks, and in the bank edges a check is made to 
a a-in, back lining. 

Th© next operation ia to make % frame* dt fam a top and te 
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these gobies: they are of a length to make tho eurbaac l in* shorter thai 
beneath, m that the bmae projects all round | in. beyond the Burbasc—that is 
drawer front is in its place. The breadth of the frames is the distance frotr 
of tho gables to tho chock for the back lining. Each frame consists of a fron 
rail, 3 in. broad, and 2 cross mils 5 in, broad, lot into the former by mortice 
The ends of the front and back rails being dovetailed into tho gables, the 
fit inside these, and are I hen made more secure by having blockings of vck: 
Vho angles. 

Two semicircular blocks are made of several layers of pine glaed to 
described for the base blocks. They aro li in. broad on the back, the eemici 
drawn with compasses set to 2| in. The block is 3J in, thick, however, the 
inch being to allow for the thickness of drawer front, so that when this 
its place the blocks show but 2£ in, projecting. These blocks are veneered, dr 
and scraped, then carefully fitted to the face of tho sorbose and glued d( 
veneer on the block where it joins the edge of the gable must be a good join 
flush, as the veneer, being thin, it will not allow of much reducing when cles 

When this surba*e is made, it should fit on to the lower base an 
margin of & in. along the ends and round the blocks, and 1| in. along t 
portion or drawer space. The upper side of the surb&ee is cap pc 
moulding, usually a ,s thumb." This moulding h is a section of au eh 
the chest of drawers it is made of j»in, mahogany, and in order to econo 
wood tho necessary breadth is made up with pine, tho two being glue* 
previously to running tho thumb. The brciidth of mahogany required is 11 
by 2 in, of pine, i shows the upper side of the surbase with the line of j 
pine and mahogany, also the manner of mitring at the inner corner of th 
blocks. In ordinary chests of drawers the portions of thumb moulding cot 
blocks are cooposed of a piece of {-in. mahogany turned in the lathe, acid 
cut in halm, which do for both blocks. The portion of moulding along tl 
mitred at the comers to these semicircular pieces, and the end pieces are h 
behind them. 

In a first-class cheat of drawers, however, they are done differently, 
mahogany in cut large enough to make both pieces for the end moulding 
circular portion over the blocks in one. k shows tho method of cutting th 
of the other usually pursued. The thumb in this case is worked by ham 
pieces do not require backing with pine. These mouldings aro toothed on 
side, and glued on to the base, a few screws being put in after the hand- 
removed. This base receives a {-in, back lining, but it is not put on until a 
made and fitted in. The drawer front is of pine, u slipped" with a piece of 
gany on the upper edge. This slipping is a process that bus to be noticed 
of mahogany is cut about 1 in* broad and { in. or { in. thick, fis free from wn 
bending as possible. It is truly planed on one side, and toothed. The ed 
drawer front is also planed perfectly straight with half-long plane, and tooth* 
with the drawer front in the bench lug, the slip of mahogany is wetted with a s 
turning its toothed side up, ami on a level with the edge of the pine front, l* 
a coating of glue quickly applied. The slip ia turned over on tho edge o! 
and rubbed firmly backwards and forwards lengthways, 2 persons being n« 
the operation. The sliding motion is gradually lessened till it stops with t 
its proper place, when n few smart mbs with a veneering hummer con 
operation. In most eases a slip thus laid will bo found to adhere perfectly it 
length. When the front is dry, it is planed up and fitted exactly in Its p 
must be taken to have the heart side of the plank turned to Ihe front for 
upon. This drawer front is 12 in. broad, and when in its place rest# u 
fk fora edges forming the frame of tta avttVyuwL The drawer side* pa* 
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i edges, aud are consequently only 10J in. broad t the extra breadth of front 
: -I in, downwards, and tho same upwards of the sides, m in l, which shows 
t side as dovetailed into the front. The drawer aides are | in. thick, often 
pine, fiointtiirues of American aah, but the beat wood of all is cedar, us the 
t not unpleasant odour emitted is a sure preventive of moth. A groove run 
ood i?i for a drawer bottom makes the side very weak. A very great improve- 
le fillet damped to the inside of the drawer side » r and the groove run in it. 
incase consists of 2 gables o of solid mahogany, usually £ in,, but they ought to 
t | in. thick. The breadth to make these gables is | in* less than the breadth 
►per aide of the surbase—that is, | in. within the thumb moulding. The 
the gables is sufficient to admit 5 drawers of the following breadths^ 
4* £§* 7|, 61 T and 5 in,, with J-in, fore edges or shelves p between, and 1 in, 
l to cut into pins or tenons to enter the top, which should show straight pins 


died, 

t gables are planed up on both sides, u thickuessed/* made to the breadth, 
m. the bottom ends, and marked off on tho insides for grooved to receive the 
The rabbet plane used is -} j in., and the depth of groove is \ in. A guide 
lane is made by “stitching” with tacks a thin lath of wood to the gable 
the groove to be rum These grooves being run, the bottom ends axe dove- 
>t throagh-~to receive a carcase bottom, and the top ends are squared 
nto pins os already mentioned. Two grounds have now to be built to clamp 
ride of the gables. These are of pine, faced on the inner edges with mahogany, 
ted by the lines shown vertically in q . The method of building these grounds 
up 2 pieces of {-in. or 1-in. wood together for the thickness, as this stands 
.n one piece. Next a piece of -£dn. Bay mahogany is planed up and toothed 
ides. The edges of the ground pieces are also planed straight and toothed, 
tganv is heated on both sides, and, glue being applied to both pieces of pine, 
gany is placed between them and several band-acrewa are applied. When 

id, it U planed up and sawn through the centre of the mahogany, making a 
with mahogany slips about | in. thick when finished. 

are planed to such a breadth that when glued to tho gables too 
of face is 3} in, q is a cross section of this arrangement of pieces; 1 is 
of the gable, say { in. thick; 2, the two thicknesses of pine, 2| in. broad and 
k; and 3, the clamp or slip of mahogany, $ in. thick. After these grounds 
to tho gables they are squared with the gables on the face, and the inner edge 
1 with the face. Then ihey are drawn for dovetails to receive the shelves 
*ith the grooves in the gables. The dovetail is all on the under side of the 
enters into the ground about | in. As these shelves must be quite level 

ho. e breadth to allow the drawers to run smoothly, great care must be taken 
dovetails in tbe grounds with exactitude. Otherwise the shelf when entering 
ill will be bent up or down, as the cose may be, and it ia hardly possible to 
•od fit of the drawers in such a carcase, 

Mtves ore not of one thickness, or one board throughout their breadth, but 
i m “clamped " shelves. About 3 in. of the front portion is |4n. wood, the 
being f-in. wood clamped at the ends with pieces of *-in. wood, wide-, makes 
u-J in. The two are joined with matched ploughs glued, and cL*mpe< ; they 
lly made of a thickness to fit the grooves in tbe gables; but, previously to 
front edge has to receive a facing of mahogany. The general practice is 
* them—that is, to put on scrap pieces of rich veneer, with tbe grain running 
t thickneas of the fore edge. This hns a showy effect, but it ia false and 
, as a shelf of solid wood put in in this way would be an imjioesibility, Tho 
such work ij al$o bad, as pieces of this ♦* banding ^ get easily chipped off. 
pulling out of Ui^ drawer*. Tho proper way is to “ slip” VUm. 
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mahogany, at least i m. thick, with tho grain of the mabognny running t® the en 
direction os the shdf. This will last for an age without chipping* When the thel 
are dipped and got to the proper thickness, the corners are cut out 1 o admit < 
grounds, and tho dovetails worked to fit the latter. The shelves should 1*3 till 
pretty tight into tho grounds, and when driven home the mahogany slip sh ot 
project beyond the face of the ground the thickness of a veneer in*X that wfe 
tho grounds are veneered tho whole will he flush* The carcase bottom— tfoit is, i 
lowest shelf that rests upon the surba*e-—has 1 dovetail into the eud of the enran 
This will bo readily understood by reference to r, which shows a portion of the usd 
side of tho carcase. The back edges of gables arc checked to receive a back limn 
which is nailed to the back edge of the carcase, as shown on the right in r. 

The gables, carcase bottom, and shelves being ready, the carcase fa put toffeth 
by glueing and rapping up the carcase * bottom tot, then the top shelf, and after tl 
the intermediate ones. A crump is necessary to draw these shelves home, op re Hi 
taken that they ah project beyond tho face of grounds only the thickueas of feus 
as above mentioned* All the shelves have now to be ‘‘blocked** on the inside—tli 
is, $-comered blockings of wood, with their glueing faces at right anghx, are do* 
in against the shelves and gables. Before these are glued in, the mreaaft tnu*t 
tested to see that it hi square, and that all tho shelves are quite at, the bottom cf f 
grooves in the gable* After this is made sure, the blockings, 4 in* long, 3 to m 
eh elf, are rubbed in with hot glue, the first one going forward pretty near the f»ei 
the ground* When these arc hard the carcase will be perfectly rigid and strong, 

It is usual to fit the drawer fronts and make the drawers before making ft t 
Tho upper blocks tire of the same breadth m tho grounds, semicircular on t he bice, 1- 
] in. thicker than tho half circle, to allow for the drawer front between thorn, oh fl 
front projects 1 m, over those beneath it. These blocks arc veneered in otic |*agt1i 
a oanvos hug, as described for the base blocks. When glued on tho grounds, tin 
lower ends are on a level with tho upper side of the top shelf* The upper end® * 
faced with mahogany, 

Tho top of the carcase is I £ in* thick, being a board of |4n, mahogany, mode up 
clamped on the under side with pine 1 in. thick* A piece of pine 5 in* brood is gbt 
along the front; the ends arc mude up with eud eats of piue 6 in* or 7 in* long. As I 
gram of all the clamping must run in the direction of the grain of the mahoganr 
narrow clainp is fitted between the end ones at tbo buck to nail the buck lining 
These damps are put on with large hand-screw® ; when hard, the top is planed to tbit 
ness and squared at the ends* The front edge of the top is veneered before the 
semicircular blocks are robbed on. This veneering of tho edge of the lop is usth 
** handing, 11 but it should be don© by slipping, as described when treating the base* 

The carcase has now to be fitted with drawers. The drawer fronts are of pine J 
thick, fitted iuto the various openings in the carcase perfectly close all round, and v 
the heart side of each front outward for veneering upon. 

The top drawer, that between the 2 semicircular block® immediately under tit* t 
is slipped on its upper edge with a piece of -|-in. Bay mahogany previously to fitting 
in, the same as already mentioned for the 124 u* drawer in the surbose. 

The other drawers are not slipped'in this way ; after they Eire veneered and dear 
off they receive a J-iu, mahogany bending all round. This is called a ‘‘cope b* 
and the manner of putting it on will he described. When all the drawer front! ' 
fitted in, they should ho each marked on the face in pencil with n f\ or similar f^ 1 
pointing upwards, so that there be no mistakes afterwards in tho fitting. 

The drawer sides for a first-class job are of cedar £ in* thick, Tho grooves ftff l 
bottoms should not be nm in this f-in* side for a good job, but in a damp glued to i 
idde, a® shown in n. The drawer backs may be of |4 ii. pine, and the bottoms of h 
pine, but thm thickness would ho too weak without a centre niounWr. 
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• This mounter is a bar of mod 3 in. broad and “ In- thick, passing across the centre 
f the drawer frum front to back, and dividing the bottom into halves. It lias grooves 
a its edges to receive the bottom, a pair of (4n, match ploughs being used—ono to make 
I groove in the mounter, and the other a feather on the edge of the bottom, the whole 
bing flush on the upper or inside. A i-io. bead is ran on the mounter on this 
is&i^ie to abut against the drawer bottoms. This ia called breaking the joint, and 
ifcakta * neat finish inside the drawer, s shows this mounter and bottoms, the manner 
of grooving in, and the upper or inner aide with the beaded joint. 

The drawer fronts have a groove, corresponding to those in the sides, to receive the 
bottoms. The backs are so much',narrower, and the bottoms nailed to them by li-in. 
lands. The direction of the grain of these bottoms runs lengthway of the drawers; 
consequently the end wood of the bottoms enters the grooves in sides and mounters. 

The drawers are dovetailed, and put together in the usual manner. The bottoms 
mm put in and filleted—that is, fillets are rubbed in with glue in the junction of 
Iks sides and bottoms, and afterwards planed off flush with the edges and sides, a few 
abort ones being glued along the front in the same way. Of these latter, oue at each 
and is *>f mahogany, or other hard wood, these being to act against 11 stops n nailed 
%»the shelves in the carcase, to stop the drawers at their proper places. 

It may be mentioned that fillets for drawer bottoms are in many cases omitted, and 
$1 good jobs, too, particularly when the bottoms are of American ash, which wood la 
wm liable to shrink or expand with dry or damp situations, and the bottoms are left 
wnfitktoi to altow of this movement. But if the wood is as well seasoned as it should 
be, little or no change in the breadth of the bottoms will take place, and a drawer is 
iftflTritely better filleted- 

When fitting the drawers in the carcase, no more should be taken off the breadth of 
Use drawer sides than will just admit them between the shelves, us when too much is 
'S'lftriftd off at first they can never bo a satisfactory job. The proper method is to plane 
■the under side of the drawers—which is the edges of the sides nod fillets, and also 
the short fillets along the front—-all oven and flush, using a straight-edge to get these 
hedges in relation to each other to be out of winding. Then set n gauge to the breadth 
of the drawer front, and gauge the breadth of the sides from the bottom. When the 
•iAs ufo planed down to this mark, they should enter the opening between the 
whdves, though somewhat tightly. Kelt the 2 sides or ends of the drawers are planed 
down till the end wood of the front and back are touched at the dovetails. Th^ 
drawers should enter the carcase length way as well ns bread th way. They arc ah 
ymihi.d in in this way, till the fronts am nearly flush with the face of the carcase; 
the (rants are drawn all round with a draw-point, and planed down on the bench to 
this mark. Tho method is to place 2 pieces of board nomas the bench, letting them 
project over the front 7 or 8 in., and fastening them at the back with hand-screws. 
The drawer ia hung on the ends of tho boards, with its fore end fixed in tho bench 
Inland in tltk position Is planed and toothed. When planing, the front must be 
perfectly level acmes the ends. It will do no harm if n little round at tho centre; 
the veneer has a tendency to draw tho face hollow after a lime. 

As a rule, the base is veneered on what is termed tho u banding ” system—that is, 
the grain of the veneer runs up and down, not the length way of tho base. This is a 
kbc principle in construction, because a base made of solid wood, with the grain 
upright, would be simply ridiculous. The method is resorted to for 2 reasons: It m 
ens^r done ; and it is a means of using np small pieces of broken veneer, as any may 
be owd if long enough to cover the breadth of the base. 

Two blocks have now to be made for this base, similar to the one shown detached 
ala. They are € in. broad, 3 in. thick, semicircular on tbe cods, and are better built of 
w Tumi lay era of wood, as shown in the figure, ns they do not split or change ttoivr 
shape so readily as whoa made ia on o piece; 3 piece*, long Vi 
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both blocks, lire glued together, drawn on the ends with compasses, and carefuhj 
planed down to a semicircle, after which they are toothed for veneering, Befan 
veneering, these blooka should be sized with a coat of very thin hot glue applied iti 
over the surface to be veneered upon. When this is quite dry it is again lightly 
toothed, The best method to veneer those blocks is with a canvas bag and screws 
Fig. 687, p. 360). This method is only suitable when the rest of the base is veueend 
on the banding principle ; for the grain of the veneer runs up and down on the Ltark, 
so it must run in the same direction on the rest of the base. To veneer the bare with 
banding, strip the edges of each piece with the plane on the shooting board; thtn tet 
one piece at a time with the veneering hammer. The first piece being laid, the 
is fitted against it and rubbed down, pressing against the piece previously hud to 
ensure a close joint. 

When the veneer is dry, which will be in about 24 hours, the front only ii to ha 
planed, scraped, and gaud papered, the over wool at the edges being previously fHUui 
off with a sharp chisel. When the veneered piece fur blocks is cut in two, a portion 
of the veneer at the inner edge is planed and papered. The veneer cm the {root of 
the base is cut to exactly the breadth of the back of the block, so that the veneer w 
the block and that on the end of the base will coincide, forming one surface, and, it 
the sumo time, a dose joint. The blocks thus fitted are glued on, using hand ^iwi 
to ensure close contact. When the glue is hard, the upper edges of the base and fclorfci 
are planed quite level, and the end wood of the blocks receives a coat of glut.’ »«5 
before veneering. A piece of veneer 3 in. brood is laid along the front, and 2 additional 
pieces over the ends of blocks. The strips of veneer along the ends of the hue tn 
2 in. broad. When the glueing of these is liard, the whole base is cleaned oC scrap*! 
and sandpapered. After which, provision is made for attaching 4 turned feri ty 
fitting 2 3-oornered pieces in the back comers or under side of base, and dunffag 
2 pieces Inside the front, immediately behind the circular blocks. The ball feet Ion 
tenons turned on them, which fit into holes bored in the base. 

Following is the method of veneering the base of drawera by having the grain of 
the veneer running in the same direction an the grain of the groundwork. The bdj 
or groundwork of the base is made exactly os described, and the 2 blocks are matt* 
and sized for veneering. Tlio face of the base is covered with veneer, except at tk 
2 ends where the blocks are to be stuck on. This veneer should be laid with a ant 
When properly hard, it is planed and finished up with sandpaper; then the 2 bWt» 
are fitted exactly in their places against the ends of the front veneer, and glued <kv> 
without being previously veneered, m in last example. 

The task of veneering the blocks and base ends with 1 piece of veneer is she*** 
in L A yellow pine caul is made the length of the base end, not including the plW 
circular blocks: then a piece of No. 12 zinc is procured, long enough to reach fma 
the small block of wood at the inner edge of the circular block, round the 
itself, along the base end, and round the ends of tbo caul, a® indicated by the dobk 
line in the cut. The caul should be 6 in. broad, and the zinc fixed on with tacii 
along the edges, 

A piece of veneer has now to be cut long enough to go round the block and ik*f 
the base end, with a little margin both in length and breadth. The portion 
goes round the block must be well toothed, and scraped on the outside, before pufiml 
on. This is to thin it somewhat, as it bos to be bent round the block. The next 
is to glue a thin piece of cotton cloth on the scraped aids of the veneer. This ii t* 
prevent it splitting across tlie grain of the wood while bending. A cut is made vtw 
u dovetail saw, close to the inner edge of the block, about £ in. deep m the lace of t * 
base. The cud of the veneer is squared and fitted into this cut. 

It will be seen, by reference to f, that a cramp and 5 hand-screws arc brought tot* 
cm There are really 10 hand-ijctewia* witfthfct 5 bei&£ placed exactly opposite thw 
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ihown in the drawing Ail being in readiness, the zino caul is well heated, and a 
copious supply of glue applied to the groundwork to bo veneered, and a thin coat to 
the veneer- The end of the latter is fitted Into the saw cut above mentioned. 

The hot caul is applied by placing the end with the block close to the circular 
blade, and applying 2 bund-screws- Then the zinc with tko veneer is bent gently round 
ttie block, and when laid along the base end several hand-screws are applied, and lastly 
the cramp, using a small block of wood at the hack to keep the paw clear of the caul 
end. The exposed portion of the zinc round the block, which cods very quickly, must 
he heated with a smoothing iron and more pressure applied to the cramp, when the glue 
ih»uM run out at the edges- The hand-screws are then tightened up, when, if the 
whole thing has been managed properly, the veneer will be lying perfectly close. This 
caul should stay on for at least 10 or 12 hours, when the same operation may bo per¬ 
formed with the other end of the base. 

This method of veneering is much more difficult than the blip-shod method of 
handing with scraps of veneer, but it is a much more tradeeraanlike manner of 
doing |L In short, it Is the method of making a first-class piece of furniture, if veneer¬ 
ing of any sort can be called first-class work. When the glueing of the base is properly 
bird, the over-wood at the edges is cleaned oft*, the upper side is planed level, and 
lettered as before described. 

The veneers for the drawer fronts are bought in sets of 5 or 6. They are cut from 
t»ch other, and are all of one figure, being numbered by the sawyers ; care being taken 
to place them on the fronts all in the same way, the various markings will appear 
almost dike in the whole fronts. 

The sets of veneers may be so narrow that they wilt not entirely cover the 12-in. 
drawer in the sorbose, in which cose a piece has to be added to the breadth; the joint 
thus m ade is easily concealed beneath one of the mouldings to bo planted on the face. 

If the veneers are of tbo feathery curl sort, 2 pieces to each front, the butt joint must 
he exactly in the centre of each, passing through the centre of the keyhole. In order to 
make this joint properly, the whole of the veneers are placed together exactly as they 
were when cut at the mill, and held together by 2 pieces of board and 2 baud-screws. 
The ends to be jointed are squared across, and cut with a dovetail saw all together, and 
afterwards planed with the iron plane. Then, being taken separately, each pair is 
carefully fitted to each other. This done, they are kid on n fiat hoard with the joint 
placed close, and a few lacks driven in at the edges. A piece of thin calico, about 2 in. 
broad, is now glued along the joint. When this is dry, the veneers may bo laid as one 
piece. Cank of zinc, 1 in* thick, are best for this job, but very good work may be done 
with well-oiled pine cauls. 

If wooden cauls are used to these fronts, they should remain in the screws not over 
2 hours, as any glue adhering to the caul makes it difficult to remove, and some of the 
veneer is apt to peel off in the removed. 

It is usual to veneer 2 of these drawers at a time, the caul being healed on both sides. 
The hand-screw a require to be pretty largo, with long jaws. They should bo free from 
hard glue on the jaws, as it makes an unsightly mark no the inside of drawer fronts. 

Help must be obtained to heat the caul while glue is applied copiously to the drawer 
frunts. The veneers must be previously toothed on the glueing side, and marked as they 
are to be kid. When laid upon the glued front, they are rubbed all over with the 
hands, and should project over the front 1 in. or so all round. At the places lo be after¬ 
wards bored for the knobs, 2 tacks are driven through the veneer into the front to 
prevent them slipping under the hot caul while the hand-screws are being applied. 
These latter should be set to about the size before glueing, so that no time may be lost 
afterwards *, 6 large hand-screws for the front or inside, and <i smaller for the book, are 
necessary to lay veneers on 2 fronts- Those inside the drawers should go quite to thja 
bottom, so that the jaws regain? to ho at least $ in. long, u gma a 
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part of tho work. It shown the 2 fronts with the caul and veneers between, tsd tk 
hand-screws ns applied. In applying tho hand-screws to work of this kind, it u to U 
observed that the whole length of the jaws must hear equally on tho breadth of *=fs« 
pressed between them, as if they proas only at the points, or at the Led, they an? 
paratively ineffective. 

When the veneers have dried for about 24 hours they may be domed off. Thy m 
always planed first with a high-pitched hand-plane, set very close, then *cr»f*d -rd 
sandpapered. The drawer in the surbase and that at the top are neatly fitted intn thifc 
places. They should pull easily backwards and forwards and yet appear quite cb* 
both In length and breadth. Tho accuracy with which they are fitted when finidiei \» 
a mark of excellence in the workmanship. 

The 4 intermediate drawers receive eope beads. After the froute ano planed ami aoal* 
papered they are pushed in about -J in. beyond the face of the carcase, whan a small gwg* 
is made to gunge the thickness to check for the beads. This gauge is a small bfa±<f 
hard wood with a steel point in it fully -J in. from the edge* This gauge b t0 

round each aperture in the carcase, tho steel point making a mark on tho drawer [not 
ihu depth of the check to receive the beads* Tho checks are worked out with filkafcr 
and guillnume pianos. That on the upper edge is made the wholo thtektua* d 
front, so that all tho pine may be covered with the bead which now serves r*^ u dip. 
Tho under edge and tho 2 ends are not chocked more than f in, from tho face. Th¬ 
emis are sawn down with a dovetail saw, and worked to the gauge murks with um 
gnillsurae, The cope bead is bought in boards A in* thick: the strips ore cut *iib 
a cutting gauge, and must l>e broad enough to project about ^ in, over the vc&ntd 
front* When putting them on they are wetted on the upper aide with a apon^\ tho 
tho glue Is applied to the dry aide, and also to the cheek, when the slip is pimxd b 
position and rubbed bnckwunls and forwards, 2 persons being necessary in the opener*. 
When set in its place it should have a few mbs with a veneering hammer. ToacirW 
if it is u lying , 1n tlie glue is scraped gently off along the drawer front with a fh?*t 
When some parts are found not close it is usual to drive in fine brads, but this i* * 
of detective workmanship, aa no brads are allowed except in putting on the end h*k 
When a drawer front is slipped top and bottom in thk way the glue must b© very csm-Hij 
washed off with a sponge and hot water, a chisel being used to scrape it alone: tl* 
junction of tho front with the slip* When these slips are quite dry, the etuis are rut of 
and planed flush with the drawer sides. Then the slipB are stripped with the halMc«t 
plant? on the sides, so that a thickness of fully | in* is left, the drawer lying on Lto 
bench during the operation. The drawer is then tried in iU place in the nant B 
should fit perfectly close against the shelves above and below, at the game time w* 
tightly, the drawer front being in flush with the face of the carcase. When the 4 dn*<a 
are fitted in this way, the next thing is te ran the beads. This is clone with the e»p- 
bead plane. This is a small plane (v) with n hollow along the centra of the sole d* 
size of the bead to be ran. Thu central portion is filled in with boxwood, in whicO tk 
hollow is ran. The drawer is now hnng upon 2 boards on the bench, front up m lerto* 
The projecting edges of the slips are planed with a half-tong till they stand nbuw Up 
front } in*; then they are rounded with the cope-head plane, which is run till tht ** 
of the plane tenches the drawer front This, of course, leaves tho bead all of one W%bi 
In its whole length. When tho 2 beads are thus ran, tho drawer front is carefully 
papered, the beads included, using for tho latter a email hollow C0Tk* something like tk 
sole of tlio plane shown* After all the drawers are thus treated, the end beads are r®* 
on, A piece of the eopobead stuff is thinned to fully £ in*, the edge made straight, icd 
rounded with tho cope-bead plane; then a strip is cut off with a cutting gauge of 
required breadth, which should bo in* This is cut into lengths te fit in between tk 
long beads by mitring the one to the other and stripping to the exact breadth* #* thd 
tho flumo height above the veneered Irani la v\ this dust? m tho chwk, 
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uid Aim close nt the mitres* it receives a little glue, and Is nailed on with fin* floe 
kvlu 3 nr 4 to each* These arc punched below the flush, and the end beads nre 

fully stripp'd ; again the drawer is fitted into the care use, and should fit quite 
at the ends also* When in flush, it will look like a plain panel with a bead 
*0 jvumL 

Kow tlie whole 6 drawers are in their places. If they fed too tight they should he 
gwiily stripped where tightest. This will bo readily ascertained by going to the back 
(4 the carcase and looking through between the drawers and shelves or grounds. The 
fitting of these drawers, done as they ought to he, is considered a very nice job in the 
t*de, but it ia seldom that this is accomplished. The drawers, while they show 
perfectly close all round the fronts, ought nt the same time to pull out and push in with 
tb* utmost ease and freedom* This will only be the case when the carcase is perfect in 
construction, in which case the various shelves dividing the draw ora are truly parallel 
with each other, and of the same width of aperture from front to back. The shelves 
Bui»t &L*> \m truly at right angles with the upright grounds—in other words, the 
ranwie must be truly squared. Without these conditions the moving drawers,however 
writ they in themf^lves may be made, can never be satisfactorily fitted into an ill in ado 
rareaiK:, When the drawers have received their final stripping, they are carefully 
*an< I papered on all parts that come in contact with the carcase when moving; the copo 
h i Is also receive a final finish with sandpaper. 

they are ready for the guides anti stops. The guides arc fillets of piue running 
from the Imck to the grounds at the ends of the drawers to guide them ; they are 18 in, 

% II in, by 1 in. The stops are pieces of hard wood, such as ash or oftk> 2 in, square und 
i ui thick, and shaped like m, having 3 holes for J*in. wrought brads : 12 guides and 
M fctops are required for the job, as the largo drawer in the surbnse requires no stop, the 
fr.Lit stopping itself against the fore edges. The stops arc put on before ‘he guides. To 
4 this a gauge is used with a groove in the head, done to the shank or stalk, to admit 
the projecting bead on the drawer front* The drawer is turned bottom up, and with this 
gauge a line is drawn from the front over the mahogany blocking glued to the bottom 
iehiud the front, the gauge being set a little bit less than the width of the front and 
blocking* The piece thus marked off is carefully pared to the gauge line* Thin being 
done with all 4 drawers, the shelves are also gauged from the front edge with the nnnio 
♦thug of gauge, and the stops glued and nailed on at the gauge lines. They will thus 
•top ike drawer* exactly flush with the face of the carcase, the bends only projecting* 
The top drawer (that between the circular blocks) stands out I in. beyond the face of 
ik carcase—consequently for this drawer the stops are 1 in. nearer the front of the 
dielf 

All the drawers being now h in their places, provide mouldings and carvings. When 
mouldings or other projections are stack on fiat surfaces, the surfaces are French- 
polished before M planting" the moulding ; the mouldings arc also well coated with 
foluh* This method ia adopted because the fewer obstructions to the polishing-rubber 
thf bettor the result. Another advantage is, the glue will not stick to a polished 
snrf&ce, to any superfluous glue, am eared about in putting on the mouldings, is easily 
cleaned off. In the present job, the exact place of the mouldings is marked lightly with 
a drawpoint both outside and inside; the space between the markings is cleaned of 
polish, and toothed The mouldings are carefully mitred to length on a mitre board, 
sod before glueing they are heated at the tiro, the glue being applied to the drawer front. 

If the mouldings ora straight on the glueing side they will only require to be held firmly 
town with the bands for a minute or two. If inclined to warp, pieces of pine, 12 in. 
kng, are placed across them, and hand-screws applied to the ends. The drawer in tho 
muWj receives a moulding if in, broad and | in. thick. There are various forms of 
mouldings used. The moulding is mitred on the drawer front, the double 
the «:litre having a break of £ in. Tho 2 end portion# form & aquurft ut 'd via*— etfu- 
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aeqnantlj a margin of 2 in. is left outside of this portion of the moulding, and 
along the centre. The 2 knobs are placed exactly in the centre of these squares, 
moulding!? are fixed on the face of the drawer with glue alone, the surface for 
the breadth of the moulding being scraped and toothed, as also the back of the mouldh 
When the mouldings are 44 planted " and hard, all the mitres are carefully dreeled 
and papered. Next put on the guides. AU the drawers being slopped in iheir pmj 
places, as above described, the guides, 18 in. long, are bored for 3 or 4 nails. A hi: 
glue is applied to each guide, care being taken that no glue is allowed to spread BJ 
come in contact with the drawer sides; the guides arc rubbed in from the bock, pn*aii 
against the drawer sides; they are pushed forward to touch the Itack of the groan 
A ft cl they stand for \ hour or so all 'the drawers are taken out, and the guides ndJi 
with IJ-in. wrought nails. Screws are better, but are hardly ever put in. After this 
surbane and body or upper carcase receive the bock lining. This may consist of 5 j- 
narrow yellow pine boards. A first«claafi bock would bo framed and panelled. T1 
stir b ase bock comists of 1 board only, running horizontally, while the carcase bock 
narrow wood runs vertically. A fillet is glued to the under aide of the top to receive t 
upper ends of the bock lining. They are nailed with lj-in. cut nails. The cedar cot 
of drawers being of reddish-brown colour, the pine wood, that id the inside of front, kc 
and bottom, is stained the same hue. This stain consists of Venetian red and yellow 
equal parts, with a little thin glue 
and water. It is made to boil, and 
is applied hot to the wood with a rag; 
after standing a few minutes, the 
residue is rubbed off with more rag, 
and Is stroked in the direction of the 
grain ; when quite dry, it is papered 
with flour paper* All wood that is 
to be stained must be particularly 
well planed and sandpapered, as the 
stains at once show up defects. The 
same rule holds with oil work to bo 
painted or varnished. 

TFarrfrofo?.—The description of 
the making of a 6)-ft. break-front 
wardrobe in solid wood, as shown in 
Fjg, GS8 t by W. Parnell, received a 
prise from the Cabinet-maker. It is 
os follows. 

When you have your job set out, 
get and cut out the whole of the ma¬ 
terial necessary to make it, choosing 
(if the choice is left to you) dry and 
wall-seasoned wood for every part. 

Next shoot and glue all joints, gtuo 
on all facings on inside ends and 
tops and bottoms: on the 2 ends of 
the centra carcase it will be necessary 
to joint a piece of solid wood to the 
front&dge to allow for the extra width 
of that carcase ; this piece must bo 
31 in. wide, and of the same wood as the exterior of the job, whatever it may be. 
joints and gluetngs being all done, plane up to the proper thickness the whole Of t! 
woot^ shooting the trout edge of each io&h sqpatQ, Do not bring pi 
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te stuff to the exact width until after it 1 b squared off ; hat you may bring the stuff 
3 plinth and cornice frames to the right width, also the door stuff, allowing the 
fa in. wider than the finished size* for fitting. 

hen you have all your wood planed, proceed to make the plinth and cornice frames : 
are in pine, therefore make them J in* shorter than the finished si to ; let the front 
f the plinth and cornice frames run the whole length less the § in. Exactly as if 
fere going to make a straight-front wardrobe, dovetail the front and ends together, 
ail the hack rail down at such a distance from the hack ends of the end rail as 
ulmit of a block being glued behind it; allow the cross dovetails to go just 14 hand 
** for when they are too tight they are apt to force the end of the rail out and moke 
dked; dovetail down 2 cross mils to come between the carcases, allow the plinth, 

, and cross rails to be 1 in, wider than the front and end rails to allow them to 
1 level with the plinth mouldings, and the buck and cross rails of the cornice frame 
md down | in. to be level with the moulding under the cornice. Prepare your 
r pieces for the cornice and plinth, lining them up at each end to 3 in. thick; 
he linings go the same way of the grain as the fronts, and bo 5-7 in. long; 
re the breaks up £ in. shorter than finished length, and fit them in their exact 
ions, with 2 dowels, on© at each end, but do not glue them yet. Glue your pJiuth 
»mice frames together; set themsquare,glue a block in each corner, and put them 
ie side whilst you proceed with your doors; set out the stiles and rails from your 
i gauge for the mortices and tenons, so that the outside of the tenon cornea in a 
with the inside of the door moulding, which will bring the tenon utmost in the 
ie of the thickness of the stuff. The top rail of the centre door will be as much 
-jf'j m the moulding is rebuted so as to allow for tb© arched bead, which will be a 
! of thin wood grooved into the stiles with a shoulder on the front side only, and after 
door is glued together, to be slid down from the top and glued to tb© face of the 
mil; this will *dlow the glass panel to be square. Before glueing your doors t ti¬ 
er, put them up dry and see that they are true ; otherwise, when they are glued you 
perhaps have a good bit of trouble with them. The smalt comers in the wing doors 
H be the same thickness as the head in the centre door, and should be tonguod 
the stiles, but need not be to the rail, as it is the sum© way ©f the grain, and if well 
ed and glued will bold as well. When you have glued your doors together, and 
that they am true and square, and that the stiles are straight with the rails, 
?ed to mitre a piece of wood \ in, thick, of the same sort as tb© exterior of the job, 
d your plinth and comic© frames ; next make the frames for the carcase, backs, and 
■1 frame for the centre door; make your mortices and cut your tenons before 
gbitig the grooves in the edges to receive the panels. In putting the centre upright 
sa rails together for the centre carcase, back and blind frame, allow the cross 
/> rrtii through the upright, if halved together, so that it may appear as though the 
»ht was in 2 pieces and mortised into the cross mil, which is den© in some shops, 
'embly halved together. When you have your frames ready, knock them together, 

I hang them up out of the way. 
few work your mouldings ; and in working the mouldings for tb© doors plough a 
re on the reverse side, so that when the moulding is cut off the board it will form 
to rest on the door si lie. When you have worked and ©leaned up all ilia 

igs necessary for the job, proceed to mitre and glue ©n those for the plinth and 
taking care that for the internal mitres you us© parts of the sain© length of 
■ling, so that they may intersect without requiring any ©using; do not at present 
the internal mitres, but when the mouldings are all on the frames take off 
rreak pieces, easing the moulding at tb© mitres if necessary, and now glu© the 
w on* and when dry level off any odding, and put the plinth and cornice on on© 

t clean up the doors on the front sides, merely levelling tb© W&a, \tv 
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the mouldings. Square tip all the stuff for the carcases and fitting* with the 
of drawers, tray and peg-mil fronts and backs, and one ami of drawyfa ami tm 
bottoms* In squaring the top, shelf and bottom of the centre carcase, allow ttefli It 
be a trifle large at the back so that the drawers and trays may run freely, but u m*5 
be very little, not more than the thickness of veneer in.% otherwise it will hM* be 
contrary effect of giving thorn too much play* Hake the carcase tops and bottom i «V 
shorter than tho extreme length of the carcase, to allow -^in* lap on each taieus ewi: 
and the shelves and partition edges J in* longer than the length of the curew 
the ends, to allow j in* at each end for a dovetail. 

Gauge for the dovetails, and cut first those in the ends and chop them out; aefi 
place the top aud bottom of a carcase on the bench inside uppermost, stand th? *rrt* 
spend in g carcase end in position, and mark the dovetails on the top and bottom with i 
marking-awl, repealing the process till you have marked all; then cat the dowtaoh 
taking care to cut to the lines and allowing them to be tighten the outsides so thittfcr 
may glue up clean and fit well. It is preferable not to cut the shoulders at the frwt 
and hock now, as unless great care is taken you may, before you are ready to glf« s* 
find the corners knocked off the outside dovetails; chop out your dovetails in the tap 
and bottoms. 

Now bike your carcase cuds in pairs and act out for tho drawer*, trays and p*g-reh 
squaring them across tho front edges with a marking-awl lightly, to mark wlnitll* 
grooves come; then square oetuss tho width of the end inside and run tho grow 
those for the trays and peg-rads y\ in. deep, and right through from front to 
the runners between the drawers, the same depth, but eommenemg 4 in* from th> ^ 
edge; and those for the shelves | in. deep, and also commencing 4 in. fKm ti* ] 
front edge. Chop down from 4 to 1\ in, from the front edge, in the groom I* 
tho runners between the drawers, to * in, deep, to receive partition edges- C* 
a dovetail on the under side, to 1 in. from tho front edge, but cut tho top *d* 
straight in a line with the groove, so you will have a dovetail on the under side of til < 
partition edge only; having cut the dovetails in tho ends, put the partition edges b 
their respective places, and mark the dovetail on them. Cut them m that they it, b* 
not too tight, for tf they are too tight they will force the parti non edge out of npi** 
when driven homo, and that would interfere with the proper working of the dravwx 
Plough grooves on the hack edges and also on edges of runners for dnst-boards. Cat * , 
shoulder on the front edges to fit between the carcase end $ in* back, that it will all<i 
the dig© to come within | iti, of the front edge of the carcase ends, the shelve* to 1* 
kept buck in the same manner, having a dovetail of tho same sort on their ends 
division between tho drawers may be dovetailed both sides into the edge and shelf. 

Eebate tire back edges of the outside carcase ends, bringing them to their pr>pff 
width; bring also the other ends, tops, bottoms and shelves to their proper tndlb 
and clean up all the ileal that requires to be coloured (make your colour or have it n** 
»o that it may be ready by tho time you have cleaned the wood, and m sufficient quantity 
to do the whole, so that you may have the inside of the job one colour) ; before oxtQ 
the colour, try it on a piece of wood to see if it is right, and also if there is sufficient cl* 
in it to prevent its being rubbed off when dry. When you have cleaned up *U d* 
p lifts that require colouring, commence |o colour, wiping it off with toft shaving*,*^ 
smoothing it nicely with the palm of your hand. When the whole is coloured* cUa 
up your outside ends maid© and nut, also your drawer stuff if not already done; htthf | 
time you have done that the colour will bo dry. Take the panels for the backs, lightly 
pass a piece of very flue glasRpnper over the insides, and, if customary iul the *M\ 
wax them ; then glue up your carcase backs. Serve the remainder of your colourd < 

the same ub you did the panels, also waxing tire inside of the solid #mds where 1 

and cutting shoulders of tops ami bottoms. Level the frames outside ami in, olrio«? 
amt colour tho insides* 
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nmene© to glue your carcases together. A very handy way of do mg so ia to lay 
d on the bench (of course if it is the outside one you must hare either a cloth 
\h sticks under it), hand-screw it tightly to the bench * and glue the dovetail a at 
i; drive in the corresponding top or bottom and then the other end. Take off 
nd-eercws, place the other end of the carcase under the one you now have on the 
and then turn over the end with the top and bottom glued in, and glue them into 
lor. Put in your shelf (if there is one) T glueing the dovetail only in the groove; 
he carcase on its lace on the floor, square it with a rod from corner to comer,, 
back, and having waled the frame inside, screw it in its place and level it off. 
hen glueing the centre carcase together, commence as with the others, but when you 
arnod itoverto gluo the top and bottom into the second end, put your partition 
into the places cut behind the dovetails to receive them ; then glue and drive homo 
tup and bottom, gluo the dovetails and drive up the partition edges, put in 
ielf, glueing the dovetail only; place and glue the division between the drawers 
p&dtton* Stand the carcase on the floor on 2 pieces of wood, set it square, and 
4 to put the ranuera in their places, cutting a tenon } in. long on the Front ends 
tu to fit in the plaugh^groove at the back of the partition edge ; plane the runner 
log or » thinner at the back than the front, and fix it in its place; glue the tenon 
nd nail the back end to the end of the carcase. Put the centre runner in with 
ri at the front, and suspend it at the buck with a thin lath dovetailed into the 
pdge of the shelf and end of runner; allow this lath to be just a trifle longer 
en the shoulders than the front division ; it may be 1 j in. wide. Now fit and put 
si-boards in, putting a touch of glue to the front edge to prevent their slipping back 
! they shrink. Care mind be taken that the runners are at least $ in, shorter than 
dthoF the ends; when in their places, lay your carcase on its face, see that it still 
is square, fit the bock, wax the frame where necessary, and screw it in and level 
qw level the fronts, tops and bottoms of each canose, cleaning as you go; place 
dioth on the floor where your wardrobe is to stand* and put the centre carcase ell 
it in position and fix it there; next place and fix the 2 wings to the plinth, 
h comice on the top, place it in its proper position, and fix the carcases to it, and 
i other, putting screws where necessary, but not more than are necessary. Now 
the carcases to the plinth and cornice, with 4 blocks about 2J in, «q, on the top 
>ttom of each carcase, so that when the job is removed each carcase will iinrne- 
go into its proper position. When that is done, wedge the wardrobe tip so that it 
true on the front and perpendicular, glue a lath | in* thick by 1J in. wide, with 
jt edge to the ends of th© centre carcase in the angle formed by the wing, and 
d to fit your drawers, trays and peg-raila, and finish them right off, but if possible, 
yon are rcadv to glue your drawers together, let in the handles in the fronts 
tiding ao, os it is easier and quicker, for you can lay the front on the bench to do 
i.n your drawers, Aka, are finished, not forgetting the stops, which should allow 
n stand in [ in. beyond the front of partition edges mid shelves. The pcg-raiU 
ng bock about £ in. from the edge of carcase, proceed to make the olothea-wcll: 
ic top phoald bo damped at each end, with a frame outside it consisting of a bark 
t nd pieces tenoned together exactly like the lid of a w.c.t glue 2 runners 1 ft. 8 in. 
the carcase ends, J In. from the front edge and § in. wider than the side mils of the 
having a plough-groove cm the edge £ in. deep to receive * sliding front | in. 
fit Id the front nod cut a hand-hole at the top to draw it up W; fit the top into 
tine and hinge it at the bock; place the top frame in its position, resting on the 
r*at the front, screw through the carcase back into the back rail, and glue blocks 
the side rails to fasten them to die carcaaa ends. Caro must be taken not to glue the 
ur-Tosi the enila. Next hi your doors, m doing which allow them to lie a full 
leal «if a veneer <Yj in.) short, so that they may not drag on the plinth, and allow 
to be trifle wide, m that they just project beyond thu carcase end. 
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them, keep them up tight under the cornice: but previous to doing that, when jam 
doors are Sited, glue on the pilasters, fit in the panels, fit blind frame, and clean them up, 
and when your doors are up with hinges and locks all in working order, place them in 
their respective positions, Make the beads for fixing them there, and then if you hare 
to satisfy any one but yourself, ask the foreman or employer (as the case may be) to 
examine it, and afterwards take the job to pieces, colour the outside, and you hare 
finished the task. The choice of wood for the structure and designs of the mouldings 
do not affect the mode of construction. 

Sideboard, —Fig, 699 illustrates the construction of a 7-ft. pedestal sideboard vrith 
3 -panel back. The description gained for W. Robinson a prize in the CMnet-mo^, 
Having set out the work full size, first proceed to got out the top, which is a piece of 
1 -in, stuff, 7 ft, lung, and shot to 2 ft, 2 in. broad. This, when finished, has a 2da 
ovolo on the top edge, and a 4-in, head sunk on the face edge. Get out some j-iu 
4i in. wide, and line it up on the under side of the top, letting the end lining rau the 
same way of the grain as the top. Cross line the top also over the inside end of tk 
pedestals ; this and the hack lining may be pine. Next proceed to get out the <b*»w 
frame- It will be made of 1-in. pine, and its extreme length, with its end fadegsatit, 
will be 6 ft. 5 In., and its extreme breadth from the outside of back to the front 
of the top blade will be 1 ft. 10J in.; the lower blade sets back 2 in. Id getting net 
the cross rails of ihe frame, frame a piece of 2dn, stuff, 5 in. wide on one end, 
ways of the grain, and in putting the frame together let the flush sides of lbs or* 
rails go next the centre drawer and the outside ends respectively. When all ii fitted* 
place tiie 4 cross mils side by side, and shape all together, and leave them with IN 
carver to run 3 flutes ^ in, wide on each. Next proceed to get out the p«di*tak 
These are simply a frame, with the stiles of 2-in, scantling* with IJ-in. cross framing . 
precisely the same as the door, the panels being J in. thick, and bevelled in 1} in. from 
their edges. Clean off the face of the panels, and finish off the mouldings, and IlI tU 
polisher body them in. 

In the meantime the framing can bo got on with. The top and bottom rail* n® 
across, and are framed into the pilasters or angle pieces, and the stiles are checked 6 | 
sunk into the pilaster | in. (see section of pedestal). The inner frame is connected will 
the outer frame by 4 short rails. Note * the end panels are framed in grooves, but tb 
door panels are framed or fastened in with beads. Having got the panels from IN 
polisher, frame the Ij-in, framing together, and mitre the mouldings offered to ths tty 
give all to the polisher, and when done screw the side panels to the centre piwt 
place on its face, and block in the silvered glass; put tm the blind frames, then icre* 
the job all together. Screw the brackets, pediment, d r o., on, and see that tbs dnod 
work easily, and the locks are oiled. The doore may be hung with centre hinge*, 
with strong brass butts, 3 in. long, letting the knuckle stand out g in. poet its ceatt*^ 
motion, and an ornamental hinge plate screwed in, &c., first having cleaned off tbefc* 
and got it bodied in. Now proceed to frame the pilasters to the frames, and Urtaj 
dovetailed the top and bottom to the ends, clean all off, and let the carver flute 
and cut the elliptic paterae in the centres. 

The doors may novy lie got out, of course letting the stiles run through* 

As the moulding forms the rebate for tho panels, it will be seen that the |MA 
will ho narrower by ^ in. on cadi edge than the pedestal panels were, in oantcqa**® 
of no groove being in the stiles, &c. 

The frAmo may now t>e taken in hand, the drawer fronts fitted on the rsfev 
tho drawer sides fitted and shot to their proper shape, the front dovetails bdnr <* 
the rake in order to take Ihe front. 

Get out 4 blocks the same shcipc ns the blocks between the drawers, and gins tte® 
onto the ends of the frame over the pilasters. Now get out 2 mock drawer front* v* 
fix them between them, and laca ftve itam* to represent the blades over and 
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ro iliawer. (Note that the blades have a sunk bead on the centra of their face*.) 
be plinth rails may now be got out and fixed, m also the bases of the pilasters* 

To make the baw?e f get out a piece of erass-gnim stuff, ^ in. wide by L in. thick. 



aid about 2 ft 2 in* wide, and run the moulding along the edge, and then 

a lengths, and fix them, fearing their sides flush with the p\\aalntv Ttav 

.ud c+LAtvtte drawer mav now bo mnWn aIami r,fV Cftx 

























































386 


Cabinet-MAKING— Examples. 


the fronts Ac,, and carved as drapery, The flutes on the front! of the drawers can 
then be carved, and the ram's head and angle brackets, and centre ornament under 
drawer, finished. 

The door mouldings may now be mitred in, and the panels bevelled f in. from 
the edge. Place the frame on the bench, and put on the runners for the drawers, 
and after wards place it on the pedestals and block it in its place. Now fit and hing 
the doors, Ac., and let the carver have them to cut the circular paterae at the angles. 

After this take the top, shoot the back edge, joint 2 pieces of stuff 3J in, Janr 
by 1$ in. wide at each end, and run the mouldings through. Those are to finish 
the top off level with the plate glass back. The lop and frame may now he finally 
screwed together, the drawers run and stopped, and their fittings put on. The care*» 
backs of the pedestals may be put in, levelled, and coloured, and all given to the polite. 

The back is composed of 3 frames, the groundwork of which is l>’in. Fluff; Ifco 
2 outside frames have their outside stiles faced on the outer edge by a pilaster, 2 ttu sq, 
and which projects 2 in. above the top of the frame to receive the carved urn. Tbs 
breadth of the outside frames, including the pilaster, is l ft. 8 in., and the extras 
height is 2 ft, 2 in,, exclusive of the pilaster. These 2 frames are faced with J-in. 
stuff, and the bevelled glass is surrounded by a moulding. The pilaster is carved ml 
fluted, and the dentilled cornice then mitred round the top, showing a {-is, break, A 
small console is placed at the bottom as a suitable finish. 

The centre frame is got out of the same stuff as the side frames, viz, i&d 

faced with {-in. stuff. In getting out tins frame, the breadth must be j in, narjowtr 
than the finished sire, in order to allow a side facing to hide the joint of the ground¬ 
work and its front facing. The extreme height of this frame will be 3 ft 9 in,, and ti* 
extreme breadth 3 ft. 1 in. Now glue 2 pilasters 3 ft, 7 in. long by 2 in. sq* os tie 
face, keeping them flush on the top ends, also on the outsides ; and on the faces of ter 
two, glue 2 shaped pilasters of same length, but only 2 in. by 1§ in. Mitre the oanrkr 
round, and also the necking, and leave n break of 2 in, at the centre. This tablet is t» 
be 3j in. wide. 

The edge of the facing on the centre frame is a J*in. hollow. Get out the «£•* 
pediment, and fit the looping of drapery to the urn, and give all other carvings, to-, 
to the carver. Note that it is always better to have the glass before finishing the rpt 
measurements, as the bevels can be matched to mitre with the mouldings, and s w«* 
even margin secured. 

CARVING AND FRETWORK.—These artistic operations may be desafiwl 

under one general head, as they deal mainly with the name materiel—elegant woeda 
and can bo carried on together. 

Carving,—This is an industry which essentially depends upon the native talent d 
the operator, and in which no progress can be made by simply following directs 
It will be found an excellent plan to make a model in clay of the proposed design, s*d 
then carve the wood according to the clay model, which latter caa be modified till *1 
gives satisfaction. The subject of carving may be divided into Woods, Took mJ 
Operations. 

Wood *.—The choice of the woods to bo operated upon is a point of coandeftti* 
importance, and the workman would do well lo study the various woods and te* 
peculiarities. 

Camphor,—A very fine wood, with a close clean-cutting grain. It product# •* 
excellent effect when worked into small articles of furniture of the Elizabethan **! 
neo-Grecian style. Unfortunately, it is difficult to obtain in Europe. 

Ebony,«-Of this wood there are several varieties in the market, the only <** 
serviceable to the carver being that with a dose and even grain, so dose indeed, tl*i 
under the gouge it appears to have no fibre whatever. The hardness renders it extread? 
difficult to work, and for this tasaou ehou’j wx% vA value. The {Ml 
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defeet which this wood has, is its tendency to exfoliate, and to split. An imitation ebony 
I* w>tnetimesoffered, which is made by soaking pear-wood man iron and tannin dye-beck 
lor a week or more. The colour penetrates to the very heart of the wood, so that the 
cut yt tie black as ebony* Ebony is above all woods the most suitable for small carvings 
of etery description, whether for use or ornament, the deep black colour and the 
hardness and dne texture of grain giving it, when polished, the appearance of black 
SBuble* Thiit wood is also somewhat difficult to procure in large blotrka—not, however, 
on account of the growth of the tree, which is very large, but, either from the careleaa- 
n-wi of those who are employed in felling it, or the extreme heat to which it is exposed, 
tt rarely arrives here in logs of any size that are not more or less riven and spoilt by 
enukt and daws—** shakes,” as they are termed in timber merchants* parlance. There 
tkn^ No kinds of ebony “the green and black; of these the former is for some reason 
ttie more highly prized, and consequently is the more expensive; but for carving 
purpose* there is little or nothing to choose between them; they arc both equally 
plwmsmt to use, but the blacker, being the harder of the two, is capable of taking a 
bisrlier polish, its only drawback being an occasional while or red streak, but these uro 
and aw be obliterated by applying a little ink to the aped after the carving is done* 
B'*rk, or iron wood, ns it is sometimes called, is a species of ebony, but has little to 
itoniumend it but its extreme hardness and weight; indeed, on the former account it 
should rather be shunned by the carver, as it will turn the edge of the tools* 

Lime.—The easiest of all wools to work, being soft and equal under the took But 
it it of tittle use for delicate work, as it docs not ■* hold " to Sue details; for that reason 
it a only used for frames, or at most fur coarse undercut work, which has neither to bear 
bs*vy weight* nor sustain much wear. The tint of this wood is something like that of 
Huh butter* It is less liable to split and splinter than almost any other wood, which 
pralines render it nf great utility to carvers for carrying out designs when lightness and 
Vdilm-B' are equally required. It takes a stain well, and a fair polish, or it may bo 
rerai*hed without greatly altering the odour of tbo wood, but giving to it a very 
ttrrable boxwood appearance- It is suitable, as well as for large festoons, for smaller 
Work i t Much as book-stiiruis, miniature and portrait frames* 

[ Mahogany, owing to its tendency to chip, when reduced to thin edges or angles, is 
fdy trad for carvings having a bold outline, in which fine projecting lines are not requisite. 
Tfiore are two very distinct kinds- That suited fur carving must not bu confounded 
with the common soft wood known as cedar mahogany, used for ordinary furniture, but is 
hard and dark, and known as Spanish- This wood is well suited for basso relievo, as ia 
■b? the Spanish chestnut, the two woods, when polished, being much alike, though the 
BKix’gany is of a somewhat richer colouring. 

Oak m so well known as not to require description. Its strong fibres and course 
■glare render it unlit for the finer kinds of sculpture. The most adapted to the pur* 
La of the carver is perhaps the variety found in the Vosges. Those trees which grow 
b (lie heart of the forests produce a softer, more brittle wood, more exempt from knots 
ii ii thef irregularities than those which grow on the borders. Foreign oak is much to bo 
■referred to home-grown wood, which is of a hard* tough nature, and liable to knots, 
■kith are a great impediment to the carver, and from which the American and Nor* 
■gun forest-grown oak is comparatively free. These oaks may be kuowu by the close 
«ui . mooth grain, and somewhat gray tinge, the English wood being closer grained and 
yellower col oar. Oak is especially useful for decorative work in library or large 
•nth above all, for ecclesiastical purposes, 

p^^^-This wood, owing to the finenpss of its grain, its cohesiveness, its durability, 
l t .;qnable cut, is perhaps the best for all delieahj work, such as vegetation, flowers. 

It Lakes a beautiful black by staining. Much pear is sold as ebony. Veax-tieft'\a w 
ant wood for working* and a good piece resembles lime in it* pliabxlYty. 1\. ** 
atsveljf Id France for the purposes for which we employ Vime* 
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Sandal-wood, from the texture, beautiful colour (a rich yellow brown), and iba I 
delicious scent, to especially suited to small parsings, The superabundance ml I 
which emits so delightful a fragrance, causes it also to take a beautiful polish m* rely bj I 
rubbing it slightly with the hand. The best bu ml el-wood to brought from Iodji vd I 
Ceylnu, It also, like ebony, to difficult to procure in sound pieces. It to sold, is w I 
the most valuable wools, by weight, the price varying from 6dL to 1#, per lb., i*wlti| 1 
to the *izo and soundness of the logs. Small pieces are cheaper than large ones in pro* I 
portion r unless they are prepared and squared to any even size, and then they mv to I 
more expensive, as in the course of preparation 2 or 3 logs may perhaps be out opud I 
spoiled before one can be found without flaw, and of course this waste to taken inti I 
account and charged for by the wood merchant* 

Sycamore, holly, and chestnut arc amongst the lightest of our woods. The flfit I* I 
greatly, and, in fact, principally used for brond-platee, pjtftto-bowto, and other iftkH I 
when a light tint is a consideration* 

Walnut,—The wood of this tree is usually of a brown colour, and on being cat sliows I 
a brilliant grain. It is soft, binding, and easy to work. Of nil woods, it is than m ■ 
whose colour varies most, Although ils colour is generally brown, samples are to to I 
found in which the veins are almost black on a white ground. This freak of nature ii I 
sometimes found in the same tree which at other parts to equably coloured* The bri V 
walnut for the carver is that of a brown uniform tint, slightly bronzy ; its vein* altwdfl w 
be regular and offer an equal grain under the gouge* The white varieties an (ofltf I 
than the above named, anil would be preferable, were it not for the block vein* befw* 1 
described, which entirely disfigure the work, and necessitate the greatest attention fa I 
staining to equalize the tone. The veiny brown wood is generally too fibrous tuu tv I 
knotty, and is often traversed by sap-wood, which in some places becomes decomp^ I 
forming a mass resembling a tough gritty leather, which blunts the tool without b*h(t I 
cut Before beginning to work, the absence of such defects should be carefully wtr* I 
tained. Trees which grow near marshy lands, or near manure tanks, absorb a tap flf* ■ 
peculiar nature, which has a disagreeable odour of rotten eggs, plainly perceptible *1* I 
the wood is heated by rubbing, either with the hand or with a look The walnut k V 
rather liable to the attacks of worm a, especially in the wap-wood* ThU omy be t > * yvt ■ 
extent prevented by washing the wood with a strong decoction of walnut shucks* *©1 I 
alum, applied cold* The best walnut comes from abroad, and is much in use unongit I 
Continental carvers, especially the Austrian; but though it is pleasant and easy tnwwi I - 
it has a dull and dingy appearance, so that a carving would have looked better iri 1 
been more effective had it been done in any of the other woods mentioned, thraffc It* I 
labour would have been far greater. Italian walnut is a rich and beautiful wood If* r 
variety of purposes, such as cabinets, panels, bookcases, and frames, It is hard, tattto 1 
effect produced by ito use amply repays the extra labour caused by the do*e toitot* I 
of the material* American walnut is a very good wood for amateurs, and to mock « •*' 
favour with them for its dark colour* It has, however, a more open groin than liapstt^ I 
therefore requires more care to avoid accidents. It is used for many small works vb** I 
much projection is unnecessary, ns book-racks, letter-boxes, aud watoli-stnnda* 

Wild Cherry*—Easy to work, and of a vivid red tint,, which, however, loses brills I 
with age. It to very liable to be worm-eaten, and to only used in sculpting in fitufc T~ 
little boxes. 

Yew.—This extremely hard wood is well adapted to the carver, although It ta* W' 
almost gone out of use. The sap- wood is white, the heart-wood of a bright anaft A* w" 
grain to tine and close, iho cut being particularly “ clean* 1 ' 

To procure good wood tor carving, the trees should bo Felled at a proper tim* 
age, and the wood thoroughly seasoned. The proper time to fell oaks and most rtM 
trees is \rhen they fail to increase in size more than 2 ft* per annum* If eutdevs ^ 
before that period of their existence, tbotinait w\\\ ta\V| developed, and wiD f 
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ns the other pert, When cuke are about 33 year® old their growth is moat 
itiinm t® general])' considered the heat time to fell. 

i be used in an unseasoned ttuto it is sure to warp and twist: and when it i® 
punels fitted into lotwe grooves, it shrinks away from the edge vvhich happen® 
ictit slightly held; hut when restrained by imils, morticed, ur other unyielding 
te, which do not allow them the power of contract ion, they split with irresistible 
the material and the workmanship are thus brought to no useful service, 
ore very necessary that the natural juices of the tree be got rid of by seasoning 
ae. After a tree ia lopped, barked, and roughly squared, it is left some time 
> the weather, and may be soaked in fresh running water with advantage, and 
teamed* Any of these processes tends to dilute and wash out the juices, nnd 
readily evaporate® from the wood at a subsequent period* Thin planks, if 
eposed to the air, will be seasoned in about a year, but the thicker the wood 
the time it will take. 

»ds, to carve properly, should be perfectly dry—but not too old—in this latter 
become brittle and nerveless. If possible, the wood should come from the 
mu® of the trunk, as these are km subject to knots. A® a rule, the branches 
■ejected* as their worn! ha® not sufficient body* The sap-wood should always 
, as it is too soft, blackens easily, and is euro to suffer from the attacks of 

en useful to be able to stain the wood after the carving m complete, This 
her to give an appearance of age, or to imitate some oilier wood* The ageing 
f performed a® follows, though the ready-made oak-stains may be u^ed wilh 
Bod 5 oz* of dry powdered walnut “shocks” in I qt. of water, Filter off 
iquor, and apply cold to the work with a brush. Or, take 2 oz. Ca&sel earth 
[merman red potash, boil in 1 qt* of water, and apply as above* This latter 
ales well the tints of old oak, and if applied to oak itself darkens it consider- 
h peat-wood, it ss usual to use a decoction of gamboge and saffron, to bring up 
tone. Lima may bo stained of various colours m the following inodes, 
iff tin tails and turmeric applied consecutively give a good orange* Brush 
iladder* allowing to dry, and then applying acetate of lead, gives brown with 
is. Walnut takes a fine mahogany tint if washed with a strong decoction of 
ampcachy wood* All sculptured woods may be dyed of a full black, by being 
er with a solution composed of 1£ oz. powdered extract of logwood, 2 qt. of 
bich is added after baling oz. potash chromate. 

ml terms* oak is the best wood for large surfaces, and ebony or boxwood for 
iite work; but walnut, lime, chestnut (both horse and Spanish), mahogany 
are all suited to the purpose, while sandal-wood, apple, pear, holly, cypress, 
■mon tree, being hard and fine-grained, may all bo used with good effect, 
to the style and size of the carving, and other circumstance®* Sycamore, lime, 
woods of a like nature, being white or cream-coloured, are only suited to that 
In of carving whose beauty depends on great purity of colouring—such, for 
a the minute basso relievo after a picture, model® of figures in imitation of 
p® of birds or delicate foliage: but all them woods, unless protected by glass, 
their extreme whiteness, stud with it their chief beauty. Therefore, they 
ased, excepting for the trifling purposes just mentioned* The woods of the 
pear tree are, from the hard texture and fine grain* exceedingly pleasant to 
the fruiting value of the trees render® the wood rare, and occasional deep* 
.■tiling* sometimes interfere with the design. Boxwood is equally hard and 
d, and is far superior in uniformity of colour, which is a rich yellow* Fig-tree 
o much prized for small carving®, being of a very beautiful warm fed colour; 
a Italy it i® rare, owing to the value of the living tree, and 3 x\mn&\y dSShssnSX. 
in England* The great bar to the free use of nil these Void wwda S* tkfc 
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difficulty of procuring them in pieoes of any sizes, for, as their texture indicate, they 
are mostly bushes of slow growth, rarely attaining to more than 10 in. to 12 in, in 
diameter, added to which, as regards boxwood especially, it is .largely used for other 
purposes besides carving, which necessarily increases the demand, and mokes it more 
expensive. 

When any very delicate designs have to be executed, and the most minute fini 
is required, boxwood, ebony, or any other equally hard and dose-grained wood* am 
decidedly the best to ohoose. 

Woods with ornamental grain, as bird’s-eye maple, satin wood, yew, and kburmnm 
are not desirable for carving purposes; the grain and odour often interfere with tk 
effect which it is an object to produce. 

Tools .—The work of the carver rarely needs a special bench, any short deal tnbk 
answering every practical purpose. This should be of a convenient height to sort tie 
operator, and be placed under a north window for the benefit of the light. The workman 
should stand rather than sit at his work, and will find a revolving music-stool the k**t 
inconvenient seat The work-table should admit of holes being made in it for tk 
reception of a screw for holding down the work. The cutting tools used are of wperul 
forms, representative examples of which are illustrated herewith. Fig. 700 is a stitigto 



carving chlael ; Pig. 701, a skew carving chisel; Pig. 702, a flat carving gouge; Fig-TDl 
a medium earring gouge; Pig. 104, a earring gpege Cor scribing; Pig. 705 . * ** 
carving gouge; Fig. 706, a straight ftuftng gouge-, T\g.1W,eWV\*sA.6uiins ge«S* 
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v straight parting tool: Fig. 703* a bent parting too!; Fig, 710, a apoonbit 
>1; Fig, 711, a apoonbit chisel; Fig* 712, a skew spoonbit chisel; Fig* 713, 
front-bent carving gouge; Fig. 714, a apoonbit gouge for scribing; Fig* 715, 
snbit gouge ; Fig* 716, a back-bent apoonbit gouge; Fig* 717, a veining tool; 
in mi shouldered print-cuttcra* chisel; Fig. 713, a bolt chisel; Fig* 720, a 







iael: Fig* 721, an Improved print-euttera* gouge* Of each kind of cutting 
ire Rome half-dozen forms, varying in the acuteness of the angle or sharpness 
a of the cutting edge, bo aa to bo more readily adapted to the sweep or corner 
being cut. In bent chisels, there is one for the right comer and one for the 
l of unusual form can be readily ex* 
from old knitting-needles or small rat* m* m* 

eating to whiteness, hammering to 
L tempering in oil or sen Sing-wax* 
a palm of the band suffices for giving 
the cutting tool, but a small round 
Landy for heavy work* The ordinary 
id gouging took, and a small brush fur 
hips, arc necessary adjuncts* 
rder should ho observed in arranging 
on the bench, both for facility in 
my particular one required and for 
their cutting edges* A good plan is 
i with the handles towards the back 
b, and along the back margin, taking 
*p the handle first in putting them 
regards quality, the tools should be 
A few words may suffice to indicate 
to be considered in selecting good 
at, as regards substance, for general 
dly if likely to be used much with 
! care must l»e taken that they are 
as to make them liable to break in 
in use* The stoutest to be obtained 

rdly likely to be too stout* Especially should they be stout near the handle, 
must be given also to what may be termed the * Hues " of a took They 
>n*y and true* There is an uncertainty about the shape m \va%a at isawia 
give the impression that the maker could scarcely have known* \ska\ s*yiV 
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thing he wished to produce. About many that are in the market, there b something 
more than uncertainty, fbr their deficiency in tbia respect is of the most glaring tint 
it id not that this U merely a metier of taste or fancy, which has no red eJTed U|ir»n j j 
the practical value of a tool. If, for example, a tool is only slightly “twisted"or I 
slightly bent, it is very likely to break when mallvted, and can never be used wilt 
pleasure. It will be useful to the learner to study, if he has opportunity, the “jnab* 
of good old tools or new ones of acknowledged merit, in order that he may be abl* to 
make a mental comparison when making purchases. One other point of imparlance to 
consider is the u temper." The proof of the “temper" is in the using. It is tras tbit 
an experienced eye is not likely to be deceived in thin matter; it is also true that the ► 
temper of a tool may in a measure bo tested by a file, but the file must be in the ittwnli 
of an experienced person. In any case, the final test is in the using. If the ttol 1* 
u soft” that the edge turns when brought into contact with hard wood—net the bauto*t 
—and that end way of the grain; or if, on the ether hand, it is so u hard" or brittle 
that used m the same way the edge breaks, it had belter bo discarded. 

The M parting tool" is of all tools the most easily broken, and the difficulty ■id 
trouble of sharpening it makes this mishap anything but a trivial affair. But it III | 
most useful and, moreover, a necessary tool, and a carver might well possess a v urn to- , 
say 6 or 8—of them. Any one having the smallest acquaintance with curiers’ tools 
have noticed that the rides or blades of some parting tools spread considerably dw 
than others. The carver must make choice of cue or more for rough work, end tlaw 
can be no question that—other things being equal—those with the most spread am tb 
strongest, aiul therefore the safest for rough work. Small parting toola, with their d<H 
brought nearer together, i.e, having little spread, are invaluable for incised work: *i«l 1 
may, in the hands of a skilful workman, bo made to do work which could unijr to 
accomplished by the help of other tools with far greater difficulty and labour, him! ews. l« 
at times p with a less satisfactory result. Farting tools, which are intended for eodi 
light work, must bo suitably sharpened and kept for that purpose alone. If they art 
fit for light work, they are as certainly unfit for heavy work, as a broken tool would | a 
remind tho incautious workman. As already stated, for heavy work, substance* m * 
quality in a tool, is very important. But this is especially the case with the tool mric * 
notice. There must be substance in the blades, and especially where they met t m towsrl* a 
which they should lieeome somewhat stouter. In purchasing, see II. at the inswto H l 
truthfully cut out—i.e. that the si lines 11 are good—and beware of flaws. 

The “ voluter ** is second only to the parting tool in importance and value to thu > 
carver, even if it be not equal to it. And this, again, is a tool which must recvin ( 
special attention when the subject of sharpening is reached. Of this, too, it wilt to , 
necessary that the carver should have a variety. Like the parting tool, it is one wklA * 
affords tho manufacturer an excellent opportunity of distinguishing himself, if hi- lai 
any desire to do so. The tides of a voluter—if in speaking of this tool such a tcra 
is admissible —should very slightly, but only very Blightly, spread. This U neewaty 
if it ie to free itself when in use. For some purposes, the voluter makes nn eicwlim* 
parting tool. In cutting round leafwork, previous to setting-in, instead of always cniMT * 
a parting tool, try tho voluter. It will even answer such a purpose better at time* 
has this additional recommendation—that it is less liable to break, 

A combitmtiuu of circumstances and conditions in tool and workman go loraikM | 
tool that is termed H handy,” i. e. eminently adapte<l to the work in view. Some »i tk , 
points necessary to earn this denomination for a tool may be considered. For inilawt 
one purpose for which every carver uses his scroll tools is that known a* “s^ttingla* „ 
For this purpose, other things being equal, the tools which are the handiest am l !t * 
shortest The long tool is objectionable for one or two reasons. If it is struck haul *l& 
the mallet, as it must often be when used for this purpose* there is a certain “ jpto/* 

IQ it, unless i t iy a very thick tool, wltveh wa wueoa'j fading In the in lad of tt* » 
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carver, for such a tool is liable to break in half. A abort tool la almost sure to be a 
strong tool. A long tool is objectionable, too, because the carver bus to raise bis mallet 
to on moonverdonl height in order to strike it. Hut the main reason for giving prefer* 
core to short t*xds when used for this purpose is, that the carver can grasp the handle 
and at the same time rest bis band upon the work In keep the too] in the desired position. 
It ts obvious that with a long tool this cannot be done. The sharpening of these tools 
must be done equally from inside and outside. When a tuol is grasped in the right 
baud, and used os in moulding, then it may bo full length. A short tool would cramp 
the hand in using it We may almost reverse the statement made in connection with 
tools used far settjngdn* and say the handiest are the longest. Not that an inordinate 
length is desirable. There must be room for the right hand, which pushes, and the left 
baud, which guides, and more than enough for these if the tool is to have 44 play/ 1 and 
the canter is to tee what he is doing. To produce a long, easy curve is almost out of 
the question with a abort tool. The mode of sharpening tools used in this manner If 
employed entirely (as in the case of the voluter) nr mostly for this purpose is a point of 
importance. Attention must be directed to the back of the tool, that is the round side, 
which, when it is used in the manner under notice, is generally downwards—that is, 
fcKtt the wood* There must be no “ ridge w running from one stile of the tool to the 
other within | or f in. of the edge, otherwise the surface, line, or hollow which is being 
worked will be one aeries of 14 dips'* or hollows, which would have anything but a 
H beautifully undulating " effect. The sharpening on the back must be with a nicely 
graduated angle right up to the edge, that the tool may work in a smooth, cusy, sweepin g 
ttyle. The necessary strength may be given to the edge by sharpening op the inside ut 
a much shorter angle, that is by what is called “ dubbing it up.” These remarks apply 
in an especial manner to the 41 voluter." This tool must be brought to au edge very 
Buich from the inside, the edge being strengthened in the manner just described. If it 
U h> work easily in a hollow, but a little larger than its own mo, it must be sharpened 
on the back with a very long angle ; the handle in this case w ill be inconveniently near 
Hut wood, but this inconvenience will be obviated by the use of voInters slightly—only 
ihgbtly—bent. This tool is made too often, by the absurd manner in which it is 
sharpened, very much like a wedge. It ** binds/' and bruises the sides of the hollow in 
which it work*. A third mode in which a scroll tool is often employed is, as in facing 
the round parts of leaf work. A short tool is perhaps the handiest for this purpose, but 
rule can be laid down upon this point When it is held in position by the left and 
•truck by the right hand, shortness is au advantage, because of the left band having to 
*o*t upon the work at the same time. But it is as often, perhaps, pushed as in moulding, 
when a longer tool vs better. In sharpening, the same attention must be given to the 
inside aa is required for the backs of these just mentioned. If there is any 44 ridge ” near 
Bie edge on the inside, there is a constant tendency in the tool to ** glance off " the work : 
tnd the tool has to be held in a position too nearly approaching the vertical before it can 
at alb 

The modes of use just glanced at are the three principal. If the carver has tools well 
Mapted for these, hta tools may bo described as 4 ‘ handy/ 1 The handiness of a tool, 
then, may be said briefly to consist in the readiness with which it lends itself to any 
particular purpose. A tool should be ri m do subservient to the requirement 4 of the 
Workman* If a new tool ig too long for the purpose for which it is chiefly required, 
there is no reason why it should not be shortened before being sharpened. It will he 
*or the ingenuity of the workman to Burmount th« difficulty which arises from the 
rircumslancc that the same tool is often required for every purpose. Sometimes, how* 
**er, it in worth while to have duplicates of certain tools, that they may be kept largely 
*w one particular pnrpoge. A workman's tools ore worthy of his most careful study, 
^pougb ha* been said to ikow that the mauler in which n tool is ilunyuntii \va»vn'udh.tato 
di Its utility, and that the subject of sharpening generally is deserving 
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The first essentials for sharpening carving toots are grindstones and eiJatoan 
Those have already been described under Carpentry (see pp. 240-3)* but mare an 
is needed in choosing them for carving tools owing to the greater delicacy of the fdtfc# 
to be sharpened, so that the least flaw in a stone should suffice to condemn it. Tba 
mounted grindstone is used only to take ofT the thick edge of the tool, as, for tosUuc* 
when the toot is new. It should be ground back to a breadth of to J in., great csw 
being taken to keep the tool cool by the use of abundant water in the trough, to tuid 
injuring its temper. The coarse edge is next drawn fine by applying oilstones of 
progressive degrees of fineness. These oilstones arc obtained in slips, and their ed$> 
are gradually adapted to fit the inner Bides of the curved or angular tools, while the i 
sides become recessed and similarly adjusted to the outer side of the tools* Tbr 
grinding awoy should bo done from the inside, while the 4t setting' 1 proper to done from 
the outside. In the rubbing out, it is well to fix the stone in a vice, with pads to proltri 
it from the jaws, and use both hands in manipulating the took In sharpening to* 
outside edge, the tool should be held in the left hand, and the stone worked ups it If 
the right hand. Certain slips should be reserved for certain kinds of tools* and «•« 
must l)e observed to commence with a coarser (generally n darker coloured) and pnx**4 
to a finer (whitish and ijeinitranspercnt) grained atone. The final edge is given to tto 
tool by stropping it on 1 a broad strip of buff leather saturated with tallow and cruel 
powder rubbed in under the influence of a fire, A wtil-set tool should pare deal sgais* 
the grain with n perfectly clean cut. The slips of oilstone will require grinding at to* 
edges to fit the tools. The rubbing out is effected in the case of very small tool* hf tto 
aid of emery powder and oil applied by a strip of wood. The oil used is geoerdlf ,, 
ordinary machine oil, but petroleum is also in favour. The handles of nil tools sMitf 
be well adapted to the hand using them, and some system should be observed to tto * 
style (shape, colour, &c.) of handle, so that the tool may always be 
recognized by the handle alone. 

Operation**—' When tho carver has made a selection of a design and of a piwa<* 
wood to be carved, he proceeds to transfer the design to the wood. There am sc'vml 
ways of performing this. (!) Hub the surface of the wood with chalk* and then ski td 
the design on it, (2) Cut a piece of paper the right size, sketch the design on iL 
paste it on the wood. (3) Sketch the design on paper, lay it on the wood with a ilrit 
of carbon paper intervening, and pass a hard point over the linen, when they will bi , 
transferred to the wood, (4) In mouldings, & piece of cardboard maybe cut to 0* *i 
design and a pencil drawn round the outline. The wood bearing the design is auitolty 
fixed on the bench or tabic. 

No two carvers work exactly in the same manner, but the object of oil to to *ccoif 11 , 
complete command over the action of the tools. In general terms* the tool should t* 
firmly grasped by the left hand, so that the band reaches to within about I in.of to* 
cutting edge, while the right hand encompasses the top of the handle and appltoa to* 
motive power. It to a great ad vantage to the operator to he able to reverse thto octo 
of things in left-banded work. In diaper carving, commence by cutting out the outliai 
with tho parting tool, held slanting in the right hand, with the left hand arched \ 
tho tool, and having the wrist and finger-tips resting ou the work, as a check to tot 
forward motion of the tool, and a guide in curves. The groundwork of the design i 
thrown up by punching. In commencing a panel in relief, the outline to gone over *id 
a chisel or gougo held perpendicularly in the left hand, with the middle finger 
the blade, the right hand giving slight blown with the mallet. Small gouges am 
used to scoop out tho parts to he cut away, and chisels to reduce the ground to * 
uniform depth. To ensure clean cutting, the grain of the wood must be constostjf 
w atched and humoured by titering the direction of the tool. The work eoudris in to* 
two operations of 14 blocking out ,T the design (cutting away the superfluous wuod) 

J* iinidhing u the details, but every carver baa baa owwwa'j of dividing the work 
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tepi. The amateur will find the grounding and bordering punches mad© by 
fel of the greatest assistance iti carving; Their use is described in Ley land’s 
on Curbing, 1 

work—Fret or scroll flawing is a modern invention by which much handsome 
now done especially for ornamental cabinet-making. The subject may be 
into wood a, tools, and operations. 

U ,—Wood for fret-sawing must be good, free from knots, and perfectly smooth. 
*Ls can bn hand-planed to a sufficient degree of &moothtiESB; but bard woods 
temping down with a steel scraper, and then sandpapering. The chief woods 


—eye maple is close-grained, gritty in sawing, and polishes well, hut needs 

k walnut is cheap, goes well under the saw, and is very generally used. Pieces 
■m shade and free from streaks* should bo chosen, except where itie streaks would 

weU. 

iy is well suited for inlaying, and takes a high polish; but it is costly, and tho 
i and closeness of grain render sawing difficult without applying olive-oil to 


a. 

jgnny is adapted to almost all work, being easy to saw, yet hard, doee-gmlnod, 
vptible of taking a doe polish. 

wood in close-grained and as difficult to saw as ©bony, but polishes well, 
cedar, though not hard, is troublesome to saw and liable to split. It is 

ly fragrant, 

Lsh cedar is soft and easily worked. Small articles can bo made out of old cigar- 
hen the paper has been got off and the surface sandpapered, 
iwood has an elegant colour and 1 autre, with considerable hardness and a close 

id polishes well, 

pwood has a reddish streaked appearance, a finer and closer grain than satin wood, 
ipable of being highly polished, but it is costly. 

ke holly is very popular in America, being very easy to saw, while possessing a 

e grain, 

i,—'These are very few in number. The first requisite is an ordinary table for 
□g the work, which latter is held tight by clumps such as have already been 
1 (p, 196), the jaw of the clamp being prevented from coming into contact with 
wood by the intervention of a 44 rest," farmed of a slot of deal about 20 in, long* 
le, 1 in, thick* and having a triangular piece cut out of cue end, so as to form a 
flags: the flaw is worked in the crutch of the fork, and thus the 4i rest ” helps 
in the fretwood against the force of the sawing. For making a hole to admit 
, recourse may be liad to a bradawl (p. 246) or to a small archlmedeati drill 
the latter being preferable, and capable of doing much useful work by the aid 
of drills. 

iws them is on endless variety, reaching in price from la, 6dL to 5/, or 61, The 
lod-saws with a Bet of blades are best for beginners ; the expensive machine 
ch as the Fleetwood, Challenge or Rival can only be appreciated and used to 
5 © by a kill ed manipulators, in whoso hands they do wonderful work. A very 
nachine, costing 57*. (kf. without or 65*. with drilling attachment, is hi;own 
722. These saws are made of iron and steel throughout, except the bows 
Le. They ore very carefully made and fitted, and neatly finished; will hold 
st to coarsest saws, and will out l^-ln, wood, if desired, but they arc reoom- 
for light work principally. The distance from saw to the back of frame Is 
The frame is a solid casting, provided with a clamp to secure it to a table or 
The hows F, of bard ash, are fitted with iron plates on the back rad. 
ave knife edges, cart ful!y made, upon which the bow a tuck V\^h bkk ot 
The fropt ends of the bows aru fitted with pivoted steel screw cd&mya. 
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holding all sizes oF saws* Tho plates on which these swing are adjustable, so tk 
pitch of the saw can be altered if de&ired, or corrected if it does not run straight 
straining rod D is provided with a cupped nut C containing a spiral spring 
and tbc stop in tho bock end of the frame hold the upper saw arm still* and the i 
one in place, when from any cause the 
saw is disconnected- The machine is 
sold by Churchills, Finsbury, together 
with many other forms. 

The edges left by the saw need 
filing down, for which purpose the 
operator will require a round file about 
4 in* long, and half-round and flat files 
each 2 to 4 in, long* The filing is fol¬ 
lowed by the application of sandpaper. 

In this there is some art* The sand* 
paper should never be held in the 
fiugm. If the work is very small, the 
sheet of sandpaper should be fastened 
down on a smooth surface and the work 
be rubbed on It with a circular motion. 

If larger, the sandpaper may be 
stretched round a smooth slab of wood 
4 in* long, 3 in, wide, and £ in, thick, 
and secured by clamping a correspond¬ 
ing slab to the hack of I be first, making 
what may be called a “sand board* 1 ' 

Or the pajmr may he glued to a smooth 
wooden cylinder and used in a lathe if 
at hand. 

Operation#.—In fretwork, the do* 
sign is cut out by moans of a saw, 
instead of by the edged tools used in 
curving. The mode of working ha* 
been male pretty evident in describing the tools. In sawing, cure must be l ib 
give short gentle strokes adapted to the thinness and lightness of the wood dealt w: 

One of the moat general forms in which fretwork is applied is for forming rh 1 
meat called a “ gallery, 11 used lor the tops of cabinet* and other articles of turn' 
These galleries vary in size according to the nature of the work for which thej 
intended. They are generally about 1} in, to 2 in, wide, and their length is \ id, to 
less than that of the top upon which they arc placed. When getting out the woo 
particular to select us atmight-gruined a piece as possible ; this is indispensable ft) 
kinds of fretwork. Its thickness should be J in, or § in.; for miniature work, l i 
sufficient. Before cutting out, consider the kind of gallery you are to have, and 
manner in which it is to l>c finished nt tho ends, various modifications being ask] 
lu some, the ends are tenoned into a turned ornament, having a pin fitting into the 
In others, ends arc also mode at right angles to the bock and tenoned into the * 
incuts. Where it is necessary to have ends, dispense with the turning, and secure I 
to the back by means of dovetails. It is necessary to have ends where the fop l* r« 
wide, and It is better, wherever possible, and where there is sufficient space, to a 
one about 3 in, and upwards long. Having considered the kind of gallery, the fo 
it Is to be, and the manner of finishing the ends, plan© it over, take to a width, 
square it, You may with advantage get one piece out long enough to make both <* 
You should now mark the gallery aud \K vd*VV V& necessary not to alls* 
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tting to ooroe quite to the ends. Whether it i* to bo tenoned or doTetailed, you 
quire sufficient for working; J in. or $ in, should be marked and left plain for this 
e* The bottom must, of course, always be so, because of fitting, and the top is 
straight or plain, whether the design U geometrical or otherwise, ns a straight or 
it|i bar protects to a great extent the other fretwork, rendering it less liable to 
it, especially if a scrollwork pattern. The bars should be about ^ in, wide, and 
lotild be taken that the cutting is of such a nature as to allow sufficient support to 
inm parts of the figure, preserving a light appearance with the requisite strength, 
ies are fixed on by means of dowels. When turned ornaments are employed, the 
re usually sufficient, with one dowel or so, to secure it In other cases, email 
pi re placed at a distance of 3} in. or 4 in, apart in the back, and a little closer in 
U; one or two dowels in the end* acting as a great support to the back. When 
\r their position, be careful to select the strongest part of the fretwork, that is, the 
c imected with the bottom rail, and where you can bare deepest for the dowels, 
ng, do it slowly atid in the centre ; glue and knock in the dowels gently. It is 
cut them in lengths first, and tn pressing them into the holes made In receive 
n the top, keep the gallery ns upright as possible, and allow all the dowels in 
id ends to outer together. Do not get one end in first, or the back ones in and 
i ltuiIf, or you will bo likely to break some of them, 

s *<>mutinies required to place a gallery upon a shaped surface, with which it is 
rr for it to correspond. It is then got out of thinner material, about half the 
of that previously given, to enable it to be bent the requisite shape. The 
l differs from the preceding one, dowels being insufficient to hold it when ben! 
i, he position it is to be in is determined, the thickness of the fretwork is marked 
ad a groove to receive it is cut upon the work. This should be about f in, deep 
r* uniform depth throughout. The work is carefully bent to this and inserted, 
Lftls removed and glued. When getting out work of this description, be careful 
if additional width for the bottom bar or rail, so that it will nhow equal with the 
rr insertion r that is, add the depth the groove is to be to the width of the 

other application of fretwork is for H stretchers,” need principally for the various 
of tables, and sometimes for other things, both for structural and ornamental 
ei. Figs, 723, 724, 725, and 721? are drawings representing forms of stretchers. 


m. m 



i, 723 and 724 the geometrical designs are intended to he used os shown. This is a 
loplod for tables in place of the turned one eonne<- ting the front and buck legs with 
me at right angles between. The mils are used diagonally, being tenoned into the 
te leg*, Hnd passing through an ornament in the centre. You most allow for tho 
sr of this when setting out, also a space each side equivalent to thst against the 
lert tenoned. You will be able to put one rail in in one tifrvst wrC& 

1 be in two haJras, on account of the mortices intersecting in ttie tenure dl ftife 
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ornament The width of these mils will vary from about If in* to 2| in*, acawding to 
the size of the work ; in flame of the largest octagon tables this is sometime* cxrwdwi 
The material is usually 1 in, thick; in small work f in, is lufficieot The top ed^tt 
may be moulded* In stretchers of this description the top and bottom bans of the ink 


ns. 


m. 




should be always left strong. Fig* 725 h a very good form If used flatways, in ten del tf j 
a large table* being tenoned into legs at a b and c tL The whole of the wood for thi*ll 
not, as might be imagined, got out in one, for the obvious reason that the end pi-t* 
connecting a e and 6 d w ould be oroaawayi of the grain of the wood and consequent!j4 
little use. The stretcher is fret-cut first, the sods being cut separately and aftennA| 
connected* Fig* 726 is a portion of a stretcher where the end is tenoned into a lef 
and the other into a centre placed rather higher, the edges being either pldP* 
shaped or moulded- It is sometimes required to have the centre of a (jtretcher fid 
with a more elaborate design thou the remainder. The tiiickneaa of wood rtqufotd 
for the general part of the stretcher would not admit, or at least not readily. tMifeifll 
of work to be executed* The centre may then be got out of thinner material i ^ ' 
or -J in., and fitted accurately as a panel to the flaming of the stretcher. By tdop6fl 
this plan, the finest description of work may be employed without affecting the ttyjt&fc 
strength* 

Outline Cutting*—This variety of work, as its name implies, is used far all pmpa» 
where outline shaping alone is required, either applied separately or to work that k 1 
be afterwards curved The importance of getting all carved work previously shape! fcf 
fret-catting, m far as is possible with the nature of the design, is much greater in K*i 
cases than in others ; but in all it is sufficient to demand careful consideration, U t 
advisable to first make a pattern the requisite shape, and to mark out from il It * 
not bo very thick; about. J in* or | full will answer best- By placing thb upon ym 
wood you will bo able to mark out in the best manner* If your work is wtmigfit f< 
nearly so, there is not cinch difficulty; but if it curves considerably* as in senut kiw 
of legs, cabriole* for instance, endeavour to arrange the markings so that they will u>» 
great orient cut out of each other, getting the hollow portion of one against (lie roardfl 
of another, and rice versa. 

Brackets,—Among the varieties of brackets most used may bo mentioned ifl 
following. First, those which a no fitted upon a flat surface or pilaster, the front tut 
sides being carved, like those used for bookcases and wardrobe doom. The wood f* 
these should be got out, and the back planed, fitted, and toothed. One end should iMj 
be Fquared* the one that is to be the top in the upper brackets and the bottom ia il* 
lower* After carving they arc fixed by simply glueing or by dowel ling. Sect#l 
brackets having two of their sides straight aod at right angles to each other, Tb* 
have » very extensive application, and numerous forms are employed. Sometime* liff 
are merely cut in outline, the front being moulded; the whole design fret-cut is prei^ 
able* These brockets vary in thickness from \ in. to 2 in*, and occasionally upward 
chev are used for Articles of fvnnvVnte, J 0ta*YwAs£x empktW 
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a memos of rapport for shelves, Ac., and the lighter more usually for ornamental 
When cutting out brackets like these, it is most convenient to mark the wood 
ach pieoe will make 2, leaving the further cutting to the fret-cutter. The 
es of this are obvious. It is neoessary to plane over, and thickness, and to 
e edges mud ends first; this can be more easily done with a square or rectan- 
oe of wood than with (me approximating to the shape of the brackets. When 
you can see the size necessary to get out tbe shape by drawing a line from 
mities of tbe brackets. Let these lines be the diagonal of the rectangle, and 
nr work, so that there is sufficient space to get out the outline inside it when 
ho edges square with the outside. It is sometimes advisable to make a slight 
» from the diagonal mark when the spaces between the top, bottom, and oentro 
itime are considerable. Brackets are fixed either by dowels or screws, generally 
mbination of both methods. For most purposes dowels of J in. diameter are 
t; for the lighter kinds less will do. Consider the most suitable position for 
here the work will afford the best bold, and where they will prevent it from 
or moving. It is rarely possible to use screws from the front or face, without 
k ie applied in such a manner that some part is not easily discernible. They 
wever, be sometimes used from the back or inside. 

y excellent designs for fretwork will be found in Berorose's ‘ Fret-cutting and 
ted Carving/ 

SOIfiTERT. —This term is applied to the art of stuffing and covering seats, 
arrangement of curtains and bed hangings. The subject may be divided into 
on the tools, materials, and processes. 



728 . 




La. —These are few in number and inexpensive to buy. The hammers used by 
tots are peculiar. Fig. 727 shows the ordinary form, while Fig. 728 represents that 
a BenwelTa. Figs. 729-730 illustrate a couple of very useful light hammers of 



in design. The pincers employed for straining canvas are shown in Fig. 731. In 
will be acquired rule and tape measures, heavy and light soiasors, screws and 
iver, round needles of assorted sizes, double-pointed needles \V Yu. 

pping etwd, bmdawl, and mallet . 
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Material*.— These embrace stuffing or filling, coverings for springs and extericn 
springs (5, 6,7, 8, and tO-im) tucks, and twine. 

Among stuffing materials, horsehair continues to hold the first place, ranging in |tfwf j 
from 7 d. to 2s, a lb,, ISd, being a good average quality. It is bought in the M lop&fvi I 




teazed out, preferably by hand, as the machines in van ted for the purpose &re said to iewij 
the quality and reduce the length of the staple. The poorest grades are suitable fern Oi 
and very inferior work : that costing about 10d. a lb. is adapted for the last stuffiftH 
ordinary hair-covered furniture; while only the best kind should be put into 



Horsehair when used alone has a tendency to manifest a crispness or harshness to fl* 
touch, and for this reason it is usual to overlay it with a little wadding* placed 



covering of the furniture. Thia wadding coats about I*. 6d. a dozen. 

Feathers are popular for filling beds, being warmer and lighter. Price* range ft* 
Gd. to 2#♦ 6d. a lb., but the lowest prices are not by any means always the cheapen, u lh 
better qualities are owe elastic and consequently may be used in smaller quantities 
equally good or better results. Flocks costing 3d. to IGd, a IK, are used u cu«J* 
substitutes for feathers in second-rate mat tresses, beds, and pillows. Various wfrtslk 
fibres arc used for fir*t stuffing in furniture, among tbe most generally used being 
Spanish inoas, Algerian fibre, Mexican fibre, and coconut fibre. 

Leather coverings are of 2 kinds, morocco (goat akin) and roan (sheep slrinX & 
former runs in sizes of 25 to 35 in. wide, and is far the better In point of wear and lttfpS 
its colour. Roans run larger (30 to 38 in. wide), but only cost about half as muin 
morocco-. Being softer they are easier to work, but are apt to be torn by buttons vMi 
these are used, and generally speaking they are only fit for tbe outside backs of rhun 
and such positions, where they do not actually get any wear and tear* Anwng ii» 
various other materials employ ed as coverings, tbe principal are: American leather 
made about 45 in. wide; Utrecht velvet, 24 in*; damasks, reps, and tapestries, 3® r. 
cretonne, 30 to 36 in*; silk plush, 2t in. 

Some of tbe most useful twines for upholstering arc made by the West of EnrJs>* 
Twine Works, For tying down springs, sewing, buttoning, and stitching* selecA K* & 
3-cord mattress twine; and for lashing down springe. No. 360 laid cord. 

L e athe r Work, Small Chair ; buttoned a nd wefted.—The con structien of the §00 
of a chair has already been described (Figs, 680-95, pp, 363-ft). The im step Is * 
tightly strain 3 lengths of webbing QRo. or \T> wstSAASba waft {tout front to back sri 
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733 . 


aide to Bide, Bt curium it to the bottom of tiro frame with |4n. tacks. Next 
e the 5 spring* (G in.) dlngon&lJj and equ (distantly over the seat, and fasten to 
nitg with medium twine. Knot some? lashing cord to tlie top ring of each spring, 
them all down to about in. Idgb, taking cure that they are quite upright in 
eea. Fasten a breadth of canvas taut a crons the springs with {-in. lacks, and, 
irtit needle, sew the canvas to the top rings of the springs (still keeping them 
t will) 5 equally divided stitches, knotting each separately, 
re the fird stuffing is commenced, a airing is run round the edge of the scat, and 
utely full IWy of hair is picked or strung on, avoiding too much in the middle ; 
cry course muslin) is next laid over the kb. Keeping the bridle square with 
IT, temporarily tacked into place, and fastened to the canvas on the springs by n 
minted needle, making 3 rows of stitches 3 in. long and 4 in. from tho outside 
Soil, lids outer edge baa to be firmly filled in, so that after the scrim has been 
with J-in, tacks all round, and stitched all over, the stuffing should rise about 
>v« the frame, presenting tlie correct outline of the Bent, and slightly overhanging, 
iegin the second Bluffing, mark a line down the centre of the seat from front to 
id mark the places for 10 buttons, putting alternately 3 nod 2 in a row, com* 
; with 3 in the front, and allowing none to lie less than 3 in. from the edges of the 
t each button, a sum It hole is made with scissors through the scrim, to fix the spot. 
□ for covering tho bent is next placed with the neck to the back, and marked 
o in Fig. 732, a being the central line, b the plaits, and e the spots for the 
which may be 1J to 2J in. apart, according 
degree of fulness desired. The skin being 
lie hair for the m cond stuffing is picked oil 
e, to that the leather maybe tilled out firmly 
» from creases; then the wadding and the 
put in place, and 1 lie buttons are inserted 
.up knot of button twine and pulled half- 
m, taking care to slope the hair away from 
ie buttons ; the knots are then tied, the cads 
off, and the plaits are worked out smooih. 
be fulness of the stuffing into the outside 
at are squnre with the scat, and pin the skin 
tge of the first stuffing, 
itting off the skin to the exact form, which is 
step, about ^ in. must be allowed for turning 
b well to secure the outside edges of the 
r an occasional stitah Tbo margin cutoff 
I the skin will be available for the border 
h fur the latter of which lashing twine is 
lie 2 joints necessary in the bonier should 

{ in. from the front comers on the bides, the jointing taring effected 
manner. With a very sharp knife, the border is cut quite straight, 

- oris to be joined are chamfered off so as to overlap each other about § in, ; tho 
e made fast either by curriers* paste or by nearly cold glue: both will make 
ible stains if they penetrate the leather, as they will do if hot. When the joints 
cd tight, the border is strained into place and temporarily pinned on t 2 or 3 
riding little notches being snipped on the border and scat in front and at both 
a guide in the sewi ng. The strip for the welt is cut and joined in the same way. 
th border and welt have been dried and sewn, they are turned up and stitched 
ig k of the Leather seat. A little piece of buckram tacked on each front comer 
l preserving a proper outline. When some wadding has been vaidvit V\w 

i ta fastened with £-in. tacks. without creases. If studs ate added nVik 



emt i in 
jUmrEng i 
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they should be about 1| b. apart: if close studding is adopted, no band m needed, It k 
only when springs are employed that canvas is used on the bottoms ; and the averse 
quantity of hair used is lb., whether it is a spring seat or not. 

Plain Seats .—In the case of chairs covered with morocco, roan, or American toother 
cloth, with plain seats and welted borders, the springs are usual ly left a little higher this 
in the previous case, otherwise they do not differ in the first stuffing. The skin is E**t 
cut on the first stuffing; lay it clean out without straining, pin round, allow for turnip 
and cut to shape : but some prefer to finish the sent in calico and cut the skin on duf. 
The bonier and welt are cut and joined os before; after straining on, notching, ad 
sowing, the welt is hammered fiat, and the strain on the border prevents wnoJd& 
When the akin is thus prepared, the second stuffing commences by picking on thehsir: 
then it is finished in calico, and temporary ties ore stitched up through webe, spring*, ad 
seat, pulling all down fiat, and knotted beneath. Now the skin can easily be draws pH, 
the welt is stitched to the edge of the first stuffing, and the border tucked down in pirn; j 
on the temporary ties being cut find pulled out, the seat rises up tight If the welttoj li 
omitted, as usual in alt but first-clsas articles, the skin is tacked down to the xut-nil 
moulding, arid the same process followed out. Plaits cun be eased out by temporary tacking 
and shrifting, except on round articles, when care must be taken to have them vortical 

Busy Chairs.—Everything depends on adapting the height of the springs ad 
adjustment of the stuffing to the particular character of the chair. A good rule b to 
keep the stuffing Widl to the front of the seat, in order to give it a decided throw tori- 
The swell in the hack must be regulated so as to catch the small of the hack of the litofc 
and not 1o throw I he shoulders or the bottom of the spine ton much forward. It is mill to 
avoid making the stuffing very full, consequently or If in, will suffice for each ilkroM 
that is to say, if the diamonds on the scrim urn 7 in, by 5 In., the skin may be luarfcd 
8^ in, by in, Easy choirs are much best without buttons, eapectally in leather. 

Settees and Couches,— Here a new difficulty arises, in that I he size of the artid* 
necesai lutes 3 or more skins being joined together. If the seat is plain, the skins majrJ* . 
cut quite square across it, joined with a am all welt, pinned over on the first stuffing, ad 
cut to shape: the border is well strained round to avoid fulness, and juiced up to l' |f 
seat as in the first example, the scroll and pad at the bock being dealt with to ‘ 
similar manner. 

If tbe scat is to bo buttoned, the skins may not be large enough to tack down. Tka 
the places for the tufts are market! on the first stuffing, allowing the first row to be i* 
from tbe front edge of the seat, and the diamonds 7 in. crosswise by 5| in. length*!*; j 
small holes are cut in the scrim whom 
the tufia come. In marking out the 
skins, the fulness allowed is 2 in. across 
the seat by iu. along it for each 
diamond, making 9 id. by 71 in. on the 
akin, tbe scat having a full sweep across 
it. but being straight in the length. It is 
convenient to mark out on a sheet of paper 
as many full-sized diamonds as a skin will 
cut, adjusting this in the most economical 
manner on the skin, and marking it 
through. Eaoh skin added to form tho 
length must bo joined exactly at tho 
diamond edges, us shown in Fig. 733. 

The neck of each skin is planed at the back of the scat, and if tbe skin should not to 
long enough, the necessary piecing is done at the back edge, Tho button rnarb wd 
meet accurately and be sewn through, Tho bordering and do m t difiier fo*" 

the tint example. 


133 . 
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For a buttoned scroll about l£ skins will generally bo required ; and in marking tho 
liamooda on the scrim they should begin at about 8 in. from the sent, and be 7 in. 
*rc^#wise and 6 in. length wise* allowing I Jin. on each diamond for crosswise fulness, 
inii increasing 1 in. for every Hue in length wise thlnees (e. g. in. on the first, 2\ in. on 
the aeeoiDd+ and so on\ in the case of ordinary scrolls, though of course some variation 
aril I arise according to the shortness or fulness of the curve, necessitating the greatest 
judgment if a perfect shape*] scroll is to be the result. The correct fulness allowance on 
each diamond in stuffing the back is about 1J in*, and to reduce the liability to wrinkle 
across the diamond* the lowest row of buttons on the back may be a little above that on 
the scroll. For ami pads, if present. 10 in. leather will be wide enough, and small pieces 
may be used up by joining in the plaits; the buttons ore placed about 5 in, apart, and 
•ecured by twine passed through the middle of the pad and tacked on each side. 

Hair Cloth.—Woven horsehair doth is procurable in several widths, the price 
increasing out of proportion to the extra number of inches ; hence, cloth work is usually 
welted, to permit the use of narrower widths. It cannot be plaited, and U adapted only 
for plain seats. The article is finished in holiand or canvas of black colour—light tint* 
would show through—the seating ami borders are cut to size and shape, and the border 
u strained round loosely, and welted. On backs and scrolls, the cloth need not bo laid 
tightly, as the buttons will pull it into shape. Any wrinkles and creases which may 
appear in the doth when placed and tacked on can be removed by moistening with water, 
oil disappearing on drying* 

Fancy Covering's.—Covering in soft fancy materials presents far fewer difficulties 
than when working with leather or bair-cloth. The stuffing should be kept soFter and t ho 
springs may be more pliable. When joints in the covering are needed at all they may 
best run lengthwise, as in a wide couch for instance. The following materials would be 
required for an ordinary dm wing-room suite, according to the style;— 


plain Beats. 


Buttcjiud 


Gimp .. .i 
Cord „ 

Buttons 
Tapestry or rep 
Cretonne * * 
Flush or velvet 


36 yd, 
22 „ 

i gross 
8-9 yd. 
14-16 „ 
18-20 „ 


30 yd, 
22 „ 

2 gross 
10-12 yd, 
18-20 », 
24-20 ( * 


Plain Stall, —For cheap work, plain scots are first stuffed in calico; but if tko 
>wingts to be velvet or plush, the work is finished in calico before covering. Buttoned 
irks and scroll* may be tacked do wit for inferior work, or bordered and corded on tho 
Igta for better class goods. 

Buttoned Sea fa.—In marking out the scrim for the buttons, the following allow- 
urea for fulness have to be made:—Small chairs, 11 in. each way; easy-eh air seats* 
In* each way; easy-chair becks, 1J in, each way; couch seats, 2} in. across end 
in. along: couch back, 1| in. each way ; couch scroll, 1 1 in. across, and 1 in. 
vgrcarively on each diamond from the bottom row, which is often low down to 
.e f*at For hordereil work, the cover should bo turned under and sewn to the edge 
k the scrim on tho top, when it cannot move during wear; while if first stitched in 
fcdcr the roll, it works loose and baggy in wear. 

Spring Edge *,—If a spring edge is to be made, the middle spring! should be soft 
stud 8 or 9 to., and be lashed in place farther from the mils* with canvas laid over ami 
to the top of the rails on the extreme inside edge. Soft 6-in* springs ore used 
the edge* fastened securely in a vertical position on the mils, all to ono height, the 
■tl holding them being best knotted to the top ring of each spring, 

on each side by J-in. teeics. The shape of the edge ia formed by vflramfe 
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wir© to tin? exact shape of the mil, nod securing it with string tightly to the toprtnf 
of the spring edge: the canvas covering is sewn to the spring edge and hi the mini 
already on about 3 in* from the top level, aiming to allow the two sets of sprittp t 
work independently of each other* The first stuffing should be soft and free, Witt* 
bold overhaugmg stitched edge, finished on tho wire edge ; a strip of rauvns sewn to 
the wire edge which is tacked to the seat rail permits the height of border to K 
regulated by pulling to shape; the second stuffing may be finished with a bold owl 
just under the roU, with a frill or one row of buttons on the border. 

French Eaatj Chairs;—For these, the scrim is tacked down to tho bottom of t)* 
frame in front, and finished with a round edge in calico slightly hanging over, bet w 
stitched- 1 ip edge to the sent. Tho seat is filled with very soft 8-in. springs, and tfa* 
plain part is upholstered in tapestry in the usual way, and stitched to a line pmkwalf 
marked on the calico. Half diamonds for the tufted front are marked on the OsJka, 
allowing the buttons about 3 in. apart, and holes are snipped for button marks, TV* 
plush is marked with a fulness allowance of 1J in. good. H dr of superior quality ii 
filled in on the top of the calico, tufted round, kept in place by sewing to the tapeitoy 
and finished with cord or gimp to cover the stitches. Festoon® of plush cover Its 
tacks on tb© rail, and are finished with a fringe 1 or 1$ in. deep. The inside of If* 
buck and sides is webbed, canvassed, and finished in tapestry without any stiWii£ 
Tho pad which runs round tho back and arms U finished in scrim cut on the ikr«, 
which rentiers it softer and makes it hold better. The hair is tacked rather firm® 
the pails and stitched only on the front scrolls. The pud is marked for buttons skat 
4 in, apart, and holes are snipped to let them sink a little. The wadding Is bud ou 
and covered with plush, finishing with good-slaed cord. To form plaits and fakes 
near the bottom, the festoons are out wider at the bottom than at the top; they** 
made and lacked on separately, a bold cord covering the tucks its on the inside of Ik 
back. When a holster is added on the top of the bock, it is formed in the strifling s* 
follows. A good body of superior hair is picked or strong on the top nil and mak 
firm but not tight; the scrim is cut 20 in. wide on the skew, tacked down, and atitrind 
up to a fine edge. 

Needlework Chair *.—The beat shape for displaying needlework is the Spnoi 
For a needlework central strip, with plush sides and border, the first step is to rtrf 
without springs, keeping it quite flat across to counteract the tendency to wrinUfc t 
little hair or wadding is picked or strung on, and the needlework* pinned to a oocpd 
Hue, is sewn in place with a 6-in, needle through canvas and webs, allowing the 
to slope outwards from the work to produce a more rigid stay. The side margin* ** 
buttoned, allowing 11 in, for fulness where there is little curve, increasing { to \ fit* * 
the top and bottom rounds, and decreasing in tho hollow. Suitable cord Is used to 
the point and finish the borders. When the needlework id puckered, it may be rewhrd 
quite square and straight by straining it face downwards very tight and true on A* 
board, with a clean cloth under it, and damping and pressing it till dry. 

Mattresses,—spring.—The construction of tb© box-frame spring mattress require 
sides about 6 in. high with 8 laths across the bottom, and 5 10-in. springs f* 
each lath in a mattress 4J ft. wide, the latter being secured to the laths by wn*W 
staples, tied down in a somewhat rounding form, end fin ally lashed each way. T* 
springs are covered with strong canvas firmly sewn on as in the case of a single eh® 1 
(p. 401); and a wail-stitched roll 3 or 4 in. high is fixed round the box. On to ito 
canvas is picked the hair or wool bluffing (20 lb, of the former or 25 IK of & 
latter), and this is covered by ticking, laid with the stripe running length way*, 
lightly tacked - next the tick is tufted, and the whole is turned upside down, ib* t** 
lieiug tacked on to the bottom edge of the box. Double webbing is nailed on tb* 
wde a tout 12 in, from the corners, for handles, and the under side is finally corned 
c&n viur. When the mutUesm is made \n Y.a\Nti*AW. date* of each spring tax 
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°ul* be bn If the length of the bed ; the two middle rows of springe should almost meet, 
toU strip of cane lathed across the ends of the half boxes where they join preserves the 
aquuretiisd of thfe boxes and constitutes a base to work upon, but it moat be stitcl.ed 
tip all r^uud, keeping the middle soft. 

Tufted Top.—An extra allowance of j in. to the ft. each way, must be made for 
fmtaeai in emtine the tick top, if the mattress is to have a tufted top and welted or 
bnund border. The diamonds may be 12 to 14 in. long and tho tufts 6 in. from tho 
edges, the border being out to exact size and somewhat tight all round, a small plait 
oppteite each outside tuft allowing the top to come into the border. 

Foldings For a folding spring mattress, tho two half boxes, about 5 in. high, are 
placed together, and the springs are lashed each way ; the canvas and tick are each put 
on in a single piece, cutting the former a little at each side where the fold comes, and 
allowing a fulness of § in. per ft in the latter. Thu top is let into a tight border 
4§ *u, wide, and a second border is sewn on to give enough material to tack under tho 
bottom of the spring box. After running a twine round on the edge of the case, a 
body of hair is picked on very linn, the tick is put over and temporarily tacked, 
the mattress U tufted, and the border is stitched round. Next the two halves urn 
folded together, and the open ends are covered with canvas or tick, sewn to tho cut 
borders; then 2 pieces of web are covered with similar tick, a piece of cane or wire 
mhuut 3 in. long being stitched crossways to the end of one, with a button capable of 
taking it in the other, and these are nailed one to each half of the frame bottom. 

For muttieases stuffed with hair or wool, the ticks are cut wilb a fulness 
cf J in* per ft, larger than the bedstead; no allowance for binding is made in the 
hunters, which arts cut 4| in, deep. The amount of stuffing required is computed at 
Ike rate of 3 or 10 Ih, per ft in width, assuming the hair or wool to be of fairly good 
rpulityj the lofting Ls done with a diamond of 10 to 12 in,, some G in. from the 
edge, 

French pallets,—In these, made of half wool and half hair, only G lb, of stuffing is 
reckoned per ft.; the ticks have an allowance of 1 § in. per ft. each way for fulness, 
and are cat without a border, only one side being sewn together. In distributing ibo 
hair and wool* the former should occupy the centre, forming a layer which is covered 
f q both top and bottom sides with the wool, equally divided. If it is spread on one half 
of the tick, the nther half can he folded over it and stitched round. Tufting completes 
the operations. 

Beds and Pillows.—The tick fora feather bed should be cut to the size of the 
bedstead, with a 5*iu, border and a welt, the pattern running lengthways on the bed, 
and crossways on the border and welting. The stuffing allowance of medium quality 
feathers is 8 lb. per ft. in width, decreasing with a superior kind. For flock, the 
figure is about the same, but the tick is cut without a border. 

Bolster ticks are cut 20 in. wide and of a length to suit tho width of the bed ; the 
cads are gathered and welled on the cross either to an uval piece 12 in, by 8 in., or to 
a square piece I4 in. by G in. rounded on the ends. This is for feathers, of which 8 to 
10 lh will he required. In the case of flock stuffing, they are finished square, and 
require about the same weight. Pillow ticks are cut 20 in, wide and sewn to finish 
*pwire, requiring 4 to 5 lb, of feathers or flock. 

FAINTING, GRAINING, AND MARBLING. -The primary object of 
fainting is to aid the preservation of the material bo treated ; Us secondary object is the 
iffruunentaticm of the surface. Graining answers only a decorative purpose. 

Pomting”.—Paints employed with a view of aiding preservation are of the kind 
known os * oil paints.” These consist of basic pigments to give " body ” or covering 
jtiwer, colouring pigments to modify the hue, vehicles or mediums for rouderingthe mass 
»ift and coherent, sometimes solvents for lucre using the liquidity, and 
Umj removal of tho moisture incident to tho vehicle when the 
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Figment *.—The most Important are white-lead, wd-lead, zinc-white, and ima 

oxide. 

White-lead ia a form of lead carbonate. The beat kind is product by the Dutch 
process, which consists in placing gratings of pure lead in tan, and exposing them to tht 
fumes of acetic acid ; by these they are corroded, and covered with a cruet of carbonate, 
which Is removed and ground to a fine powder. There are other processes for miuu*» 
facturing white-lead* in which it is precipitated by passing carbonic arid ihrourli 
solutions of different salts of lend. 41 Glichy white** is produced in this way ly lie 
action of carbonic acid gne upon lead acetate. The white-lead produced bv precipita^a 
is generally considered inferior to that prepared by corrosion. It is wanting in dtfteiir 
or body, and absorbs more oil, but does not require grinding. Pure white-lead i* * 
heavy powder* white when first made ; if exposed to the air It soon becomes grey hj tbs 
action of sulphuretted hydrogen. It is insoluble in water* effervesces with dilute hydn* 
ehlflnc acid, dissolving when heated, and is easily soluble in dilute nitric acid. Heatof 
on a slip of gloss it becomes yellow. It may be used as the basis of paints of all colour* 
It is often sold mixed with various substances—such as baryta sulphate, lead gulp hah* 
lime sulphate* whiting* chalk* zinc-white. These do not combine with o0 so well a 
white-lead, nor do they so well protect any surface to which they are applied. Boryli 
sulphate, the most common adulterant, is a dense* heavy* w hite substance, very tike white* 
lend in appearance. It absorbs very little oil, and may frequently bo detected by tie 
gritty feeling it produces when the paint is rubbed between the finger and thuraL 
White-lead is sold either dry in powder or lump* or ground in oil in a past© containing 
7-9 per cent, of linseed oil, and more or lees adulterated. When baryta sulphate b** 
been added, its presence is in most esses avowed ■ the mixture is railed by' a porttafihr 
nemo* which indicates to the initiated the proportion of sulphate of buy ta that it contain* 

14 Newcastle White, 1 " 41 Nottingham White/' 11 ILreumit*” or“Krems White* (know 
also as 11 Vienna White,* imported from Austria in small tubes)* ** French " or 11 Silver 
White n (in drops, frum Paris), and M Flake White ” (made in England in small sadeik 
should all be pure white-lead, but they differ considerably in density. “ Venice White - 
contains I port white-lead to I part baryta sulphate; 41 Hamburg White " contains I 
to 2 ; ** Dutch w or ** Holland White ” contains 1 part to 3. When the baryta aulphtto 
ia very white, like that of the Tyrol, these mixtures arc considered preferable for witiia 
kinds of painting, as the barytes communicates opacity to the colour, and protects fin* 
lead fr urn bein g speed i ly d a r kened by sul pi uirous s moke or vapou rs. Wh i te- lead itn pn iu» 
by keeping* It should not be exposed to the air, or it will turn grey. Old white-kid 
of good quality goes farther and lasts better than if it Is used when fresh: motnour, 
the paint made with fresh lead has a tendency to become yellow, and the fresh white' 
lead itself often has a yellowish tinge* from the presence of iron. Of all the beset for 
painle, white-lead is the most commonly used; for wood surfaces it affords in most as 
the best protection, being den be, of good body* and permanent It has the disadvsnkigr, 
however, of blackening when exposed to sulphur acids, and of being injurious to tin.«n 
who handle it* Testing its quality is a very simple operation. In the cose of dry white- 
lead* digest it with nitric acid, in which it dissolves readily on boiling. When ground 
with oil, the oil should be burnt off* and the residue treated with nitric acid; or tte» 
whole may be boiled for some little timo with strong nitric acid, which destroys ths «fl 
and dissolves the lead on the addition of water. Baryta sulphate being insoluble in tbc 
acid remains behind, and can be collected on a filter, washed with hot distilled water, 
and weighed. 

Red-lead or minium is produced by raising 11 massicot “ (load oxide) to a high 
temperature, short of fusion, during which it absorbs oxygen from the air, and is forth'* 
oxidized. It is usually in the form of a bright red powder. The colour is lasting# 
unaffected by light when the article is pure and used alone; but any preparation 
t&ining lc&d t or ucids mixed with it, deprive \t oi wesl impure air makes it black* 
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ftcd-taid fs used os a drier; also for painting iron; and in the priming coat for painting 
wood. It is sometimes ad altera ted with brick-dust, which may bo detected by heating 
in ft crucible, and treating with dilute nitric acid; the lead will be dissolved, but the 
brickedust will remain. It may also be adulterated with “ colcotbar.” As a substitute 
for ft* antimony sulphide (“antimony vermilion ”) baa been proposed. It is told in a 
very fine powder* without taste or smell. It is insoluble in water* alcohol, or essential 
m but little acted upon by adds, and is stated to bo unaffected by air or light It 
id adapted for mixing with white-lead, and affords an intensely bright colour when 
ground in oil, 

Zinc oxide, the basis of ordinary zinc paint, is prepared by distilling metallic zinc 
In retorts* under n current of air; the metal is volatilized, and white oxide is condensed. 
This is filled into canvas bags, and pressed to increase its density. It is durable in water 
nnd oiL dissolves in hydrochloric acid, does not blacken in the presence of sulphuretted 
hydrogen, and it is not injurious to the men who make it, or to the painters who use it. 
On the other hand, it does nut combine so well with oil, is wanting in body and covering 
power* and h difficult to work. The want of density is a great drawback to its use, 
and the purest quality is not always the best for paint on account of its low specific* 
gravity: In this respect the American zinc whites, which are frequently very pure* do 
not generally compete with the zinc-white supplied by the Vieille Montague Company, 
in Belgium* Zinc oxy-sulpfaido is used ns the basis of Griffith's patent white paint, 
flitted by Dr. Fhipeon to be prepared by precipitating rino chloride or sulphide by menus 
nf a soluble sulphide—of sodium* barium, or calcium* The precipitate is dried, and 
lev{gated, while hot, in cold water. 

Iron oxide is produced from a brown haematite ore found at Torbay in Devonshire, 
and forms the basis of a large doss of paints of some importance. The ore is roasted, 
separated from impurities, and ground. Tints, varying from yellowish brown to black, 
may be obtained by altering the temperature and other conditions under which it is 

mated. 

Colouring Pigmenlt ,—Many of these, such as the ochres and umbers, are from natural 
earths; others are artificially made* They may generally be purchased either m dry 
powder or ground in oiL 

Blacks lampblack ” is the soot produced by burning oil, rosin* email coal, resinous 
woods, coal-tar, or tallow ; is In the state of very fine powder* works smoothly, is of a 
dense black colour, and durable; but dries badly in oil, “Vegetable block ” is a bettor 
kind of lampblack made from oil; Is very light, free from grit, and of a good colour; 
should be used with boiled oil, driers, and a little varnish ; linseed oil or turps keeps it 
from drying. u Ivury Black ” is obtained by calcining waste ivory in close vessels, and 
then grinding ; is intensely black when properly burnt, 11 Bone Black " is inferior to 
ivory black* and prepared in a similar manner from bones. “ Blue Black n and ** Frankfort 
Black rf of the best quality are made from vine twigs; inferior qualities from other woods* 
charred and reduced to powder* u Graut’s Black,” or * 4 Bideford Block,” is a mineral 
•nbstonee found near Bideford; it contains a large proportion of Bilicious matter, is denser 
than lampblack, but hoe not so much colouring power. 

Blues.—** Prussian Blue ” is made by mixing potash pruseiate with a salt of iron* 
The potash prussiato is obtained by calcining and digesting old leather, blood, hoofs, or 
other animal matter with potash carbonate and iron filings. This pigment is much used, 
e*j>ee:iAlly for dark blues, malting purples and intensify in g black ; dries well with oil ; 
slight differences in the manufacture cause considerable variation in tint and colour, 
which leads to tho material being known by different names—such as “ Antwerp” 
u Berlin,” 44 Haerlem,” ** Chinese n Blue. Indigo is produced by steeping certain plants* 
from Asia and America, in water, and allowing them to ferment; is a transparent colour* 
works well In oil or water; but is not durable, especially when uAxcA wtth. 

Francli and German ujframaraies are made of good colour, and M Vaafc©% 
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washing, and reheating- a mixture of onda, allica, alum* and sulphur; used chiefly for 
ing wall papers. Cobolt blue is an oxide of cobalt made by rmsting cobalt ore; a beautiful 
pigment, and works well in water. “ Smalt/'“ Saxon blue/* and 14 BoyaJ bine w an 
coloured by cobalt oxides, 14 Bremen blue * or 44 Yerditer ' ia a compound of copper sml 
lime or a greenish tint. 

Browns generally owe their colour to iron oxide, M Raw umber ** is a clay coloured 
by oxide of iron ; the best comes from Turkey ; it is very durable both in water uicf a 
oil, and does not injure other pigments when mixed with them* 11 Bum! umber * is tit 
last ^mentioned pigment burnt to give it u darker colour; useful as a drier, and in 
mixing with white-lead to make atone colour, “ Vandyke brown ** is an earthy roineixl 
pigment of dark-brown colour : durable both in oil and in water, and useful for gnaiutuf 
** Purple brown ** is of a reddish-brown colour; should be used with boiled oil. sod* 
little famish and driers for outside work* 44 Burnt sienna M is produced by burning n» 
sienna ; the best colour for shading gold, 41 Brown ochre " is another name for^sprmt 
ochre,” ** Spanish brown ” is als*) an ochre* “ Brown pink n U a vegetable pigment 
often of a greenish hue ; works well in water and oil, but dries badly, and will act keep 
its colour when mixed with white-lead* 

Greeus may he made by mixing blue and yellow pigments, but such mixture* i« 
leas durable Ikon those produced direct from copper, arsenic, &c.; the latter are, howswr, 
ol^ectiouable for use in distemper, or on wall papers, os they ore injurious to health 
“ Brunswick green* 1 of the beat kind is made by treating copper with aabammoai^; 
chalk, lend, and alum are tometimes added ; has rather a bluish tinge ; dries well in 
oil, is durable, and not poisonous. Ordinary Brunswick green is made by mixing J»l 
chromate and Prussian blue with baryta sulphate. “ Mineral green n is made fn« 
bi-basic copper carbonate ; weathers well, 41 Verdigris M (copper acetate) furnuht* 1 
bluish-green colour, durable in oil or varnish, but not in waterdries rapidly, but ii fld 
a safe pigment to use. “Green verditcr 11 is copper carbonate and lime . “Pra^sa 
green" is made by mixing different substances with Prussian blue. Several otiiergic® 1 
mail© from copper are 41 Brighton,” “ malachite," 41 mountain/* 44 marine,” “ Saxon.* 
“African/* “French/' and “patent” green. “Emerald green 1 * is made of veidkri* 
mixed with a solution of araeuioils acid ; is of very brilliant colour, but very poisonous 
difficult to grind, and dries badly in oil; shout be purchased ready ground in oil, ii 
which coso the poisonous particles do not fly auout, and the difficulty of grinding ti 
avoided. “ Scheele's green * and “ Vienna groeu " are also copper ar*etiite*, and liigldj 
poiaoftOUt. “ Chrome green ” should bo made from chromium oxide, and is very dur*Jk t 
luforior chrome green is made, however, by mixing lead chromate and Prussian blur, ifld 
is called 41 Brunswick green,” The chrome should be free from acid, or the colour vill 
fade; may be tested by placing it for several daj's in strong sunlight. 

Lukes ore made by precipitating coloured vegetable tinctures by menna of slum ird 
potash carbonate; the alumina combines with the organic colouring matter, and 
it from the solution* The tincture? used varies in the different descriptions of lake; W 
beat, made from cochineal or madder, is very expensive. The colour is not durable, td 
dries slowly ; it mixes well with white-lead, and is need for internal work. •* Drop Wu'* 
is made by dropping a mixture of Brnril wood through a funnel on to a slab; the dief* 
are dried and mixed into paste with gum water, sometime* called ** Brazil wood Lkf/ 
14 Scarlet lake 11 is made from cochineal, as are “ Florentine/* “ Hamburg, 1 * 41 Gbitac*/ 
“Roman/ 1 “Venetian/ 1 and “earmmated” lakes* 

Oranges*—“ Chrome orange'* is a lead chromate, brighter than vermilion, butb» 
durable. 14 Orange ochre 11 is a bright yellow ochre burnt to give it warmth of tint: tlh* 
and works well iu water and oil, and is very durable : known also as “ Spanish u?iifa* 
“Orange red " is produced by a further oxidation than is required far red-lead* 
brighter and better pigment. 

JfcJri*—“ Carmine," made from the wc\v\t\^ Vha most brilliuat red ****** 
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down j but too expensive for ordinary houso painting and not durable; uantfmfli 
aud far fntenul decoration, il Bed-1 eud ” ground by itself in oil or Tarnish forms a 
arable pigment or it may be mixed with ochres; white-lead and mctaUicsalts generally 
lesiroy its colour. “ Vermilion ” is mercury sulphide found in a natural stute; best 
from China : artificial vermilion is also made both in China and on the Continent 
rora a mixture of sulphur and mercury; genuine is very durable, but it is sometimes 
tidul>rated with red-lead, Ac,, and then will not weather; on heating some in a test 
lube it should entirely volatilize, and the powder crashed between sheets of paper should 
nut change colour. German vermilion is antimony tersulphide and of orange-red colour 

“Indian red” is a ground haematite ore brought from Donga], sometimes artificially 
made by calcining iron sulphate; tints vary, but a rosy hue is considered the best; may 
bf nstHl with turpentine and a little varnish to produce a dull surface, drying mpidly, or 
with boiled oil and a little driers, in which ease a glossy surface will he produced, drying 
in n? slowly, “Chinese red” and “Persian red 1 * are lead chromates, produced by 
boiling wirite-lead with a solution of potash bichromate ; the tint of Persian red is obtained 
by the employment of sulphuric acid; these ore much need fur painting pillar poet boxes. 
" Light red ” is a burnt ochre, and shares the characteristics of raw ochres already 
described. “Venetian red*' is obtained by heating iron sulphate produced as a waste 
product at tin and copper works; is often adulterated by mixing lime sulphate with it 
during the manufacture ; when pure it is known as 11 bright red ”; when special tints of 
purple and brown are required, these should be obtained in the process of manufacture, 
afwj got produced by mixing together a variety of different shades of colour; when the 
tint desired is attempted to be obtained by this latter course it i» never so good, and the 
pnoetit# prod ooed are kno wn as “ faced colours " and are of inferior value. “ Rose pink H 
lit chalk or whiting stained with a tincture of Brazil wood ; fades very quickly, but 10 
for paperhnugings, common distemper, and for staining cheap furniture, 11 Dutch 
pink " u a similar substance made from quercitron bark. 

Yellows.—Chrome yellows are lead chromates, produced by mixing dilute solutions of 
leal acetate or nitrate and potash bichromate; this makes a medium tint known as 
“middle chrome." The addition oflt-ad sulphate makes this paler, when it is known 
ti “lemon chrome,” whereas the addition of caustic lime makes it “orange chrome” 
»/a darker colour. The chromes mix well with oil and with white-lead either in oil or 
water ; stand the sun well, but, like other lead salt#, become dark in bad air. Chrome 
yclluw is frequently adulterated with, gypsum, ri Naples yellow ” is a ralt of lead and 
antimony; is nut so brilliant os chrome, but has the same characteristics. “King’s 
jvlt w " U mail© from arsenic, and is therefore a dangerous pigment to use in internal 
wurk; U not durable, and injures several other colours when mixed with them. u Chinese 
TeLluw,” “arsenic yellow,” and “yellow orpiment n aro otlier names for king's yellow. 
How ochre is a natural clay, coloured by iron oxide, and found abundantly in many 



Lits of England ; is not very brilliant, but is well suited for distemper work, us it is 


Dot aiTr/i'd by light or air; does net lose its colour when mixed with lime, as some other 
pigment da, •* Spruce ochre " is a variety of bmwnish-yelLuw colour. ** Oxford oolire w 
u of x warm yellow colour and soft texture, absorbent of both oil and water, “ Stone 
ochre *’ u found in the firm of bails imbedded in the stone of the Cotawold hills ; varies 
11 tint from yellow to brown, " Raw sienna ” is a clay, stained with oxides of iron and 
manganese, and of a dull yellow colour; is durable both in oil and water, and useful in 
all work, especially graining. 41 Yellow lake 11 is a pigment made from lurmcrio, alum, 
fc; 1* not durable, and does nol mix well with oil or metallic colours. 

Vehicle* of Medium *.—A vehicle to ba perfect should mix readily with the pigment, 
Jorming m pasty mass of treacly consistence; it should oxert neither colouring nor 
chemical action upon the pigments with which it is mixed: spread out iu a thin layer 
upun u more porous substance, it should solidify and form a film not liable to 
Lntegration or decay, and stifScimilv elastic to resist slight c<iUCUsdov\. "So 
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introduced complies with all these conditions; those which most nearly approach than 
arc the drying-oils* The use of oil in painting is said to have been invented Its tU 
14th century, and soon readied considerable perfection. Even the best of recent pair/h;* 
have not succeeded in giving to their works that durability which the originators of the 
method attained. All organic substances are liable to a more or less rapid oxidation, 
especially if exposed to light and heat. Oil is no exception to this rule; bat it to .am 
that, in its pare state, it is much more durable than when mixed with other subatoiio*. 
Although ground-nut- and poppy-oils arc sometimes employed by artists where freedom 
from colour is essential* linseed-oil ia the vehicle of by far the larger proportion of paint 
for both artistic and general purposes. 

Oil-paint appears to have been unknown to the ancients, who used various vehicles, 
chiefly of animal origin. One of these, which was in high repute at Bone, was wlite- 
of-egg beaten with twigs nf the fig-tree. No doubt the indiarubber contained *n tii* 
milky juice exuding from the twigs contributed to the elasticity of the film resulting from 
the drying of this vehicle. Pliny was aware of the fact that when gluo is dissolved in 
vinegar and allowed to dry, it is less soluble than in its original state. Many suggetlinru 
have been made in modern times for vehicles in which glue or size plays an imparted 
part. In order to render it insoluble, various chemicals have been added to its solution 
such as tannin, alum, and a chromic salt. None of these vehicles, however useful U 
special purpose A, has become sufficiently well known to warrant description. 

Linseed-oil, to be suitable for painting, must dry well. A test which will indtoiU' 
whether this be the case or not is to cover a piece of glass with a film of the raw oil.avl 
to expose it to a temperature of about 100° F. (38° G.), The time which tbs film 
requires to solidify is a measure of the quality of the oiL If the oil has been cxtmd-l 
from unripe or impure seed, the surface of the test-glass will remain “ tacky " or itieri 
for sumo time, and the same will happen if the oil under examination has been adnlLerotnl 
with an animal or vegetable non-drying oil. 

Until recently, linseed-oil was frequently adulterated with cottonseed-oil, cxtiwiM 
from the waste seeds of the cot ton-plant. Where the admixture was considerable, il 
oould easily be detected by the sharp acrid taste of the cottonseed-oil. Now, howerer, 
means have been found for removing this disagreeable taste, and the consequent' luu 
been that cottonseed-oil is so largely used for adulterating olive-oil, or as a substitute f>f 
it, that its price has risen above that or linseed-oil. Another adulterant which is mtW 
difficult to detect is rosin. Oil containing this substance is thick and darker in colour 
than pure oil. When the proportion of rosin is considerable, its presence may be ure*- 
tained by heating a film of the oil upon n metal lie plate, when the characteristic ?»it'll 
of burning rosin will be perceptible. When the percentage of rosin is too small fit 
detection in this manner, a film of the oil should be spread upon glass and allowed to 
dry. When quite hard, the film should be semped off, and treated with cold turpentine, 
which will dissolve any rosin which may be present, without materially aJFeeiii:g thi 
oxidized oil. The presence of rosin may also be detected by the following simple 
chemical test;—The oil is boiled fora few minutes with a small quantity of ulanbd 
(sp. gr. 0*9), and is allowed to stand until the alcohol becomes clear. The siqiemataQi 
liquid is then poured off, and treated with an alcoholic solution of lead acetate. If tfcn 
oil be pure, there will he very slight turbidity, while the presence of rosin emia+s a tltrm 
fiooculent precipitate, Should linseed-oll be adulterated with a non-drying ml, it mill 
remain sticky lor months, when spread out in a thin film upon glass or oilier hob* 
absorbent substance. 

The sp* gr. of iinsoed*oil is in some cases of value in estimating its quality .* but oi 
the variations nre slight, it would bo difficult to detect them in so thick a liquid bf 
means of an ordinary hydrometer. A simple method of obtaining an approximate mn\i 
is to procure a sample of oil of known good quality, and to colour it with an aniline dyr. 
A drop of this tinted oil will, when pUcet\\wttw dft to W tested, indicate, by its siakio? 
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ra swimming, the relative density of tho liquid under examination. Freshly-extracted 
Unshed-oil is unfit for making paint It contains water and organic impurities, respecting 
the composition of which little is known, and which are generally termed “ mucilage. 1 * By 
goring the oil in tanka for a long time, the water and the greater part of tho impurities 
arc precipitated, forming at the bottom of the da tern a pasty muss known as ll foots. ,, 

# To Moderate the purification of the oil, and to remove ut least 6 portion of the colour¬ 
ing matter, various methods are in use. The action of sulphuric acid upon linseed-oil 
Is not m favourable aa upon other oils. It is, however, sometimes employed, in tho 
pq ps rt&O tt of 2 parts of a mixture of equal volumes of commercial sulphuric acid and 
water to 100 of oil. The dilute acid is poured gradually into the oil, and the mixture is 
fvifontly agitated for several hours, then run into tanks, and allowed to settle. A oon- 
ooatrakd solution of zinc chloride has been substituted for sulphuric acid in the propor¬ 
tion of about 1§ per cent, of the weight of the oil. When the reaction is complete, steam 
or mum water is admitted into the liquid to clarify it. Oil treated in this way loses a 
cnmdderable proportion of the colouring matter which it originally contained. When the 
ad i» to be used for white paint, it is sometimes bleached by exposing it to the action of 
light On a targe scale, this Is done in shallow troughs, lined with lead and covered 
with gla&L, The lead itself appears to have some influence upon the bleaching of the 
oil, for the decoloration is not so rapid if the troughs be lined with zinc. For small 
quantities, a shallow tray of white porcelain gives very good results, the white surface 
increasing the photo-chemical action. It is not quite clear whether the presence of 
Water accelerates the bleaching of oil by this method: some manufacturers non rider its 
fffraocn necessary, others omit it. Various salts are added to the water, the one most 
ta use being copperas. However the oil may have been prepared, it will, if kept for a 
Wgtime, deposit a sediment. At first this contains mucilage; but the sediment from 
aid oil consists chiefly of the products of decomposition of the oil itself. Oxygen is not 
ftueiBw ry for this decomposition ; but it is increased by the action of light Raw tineoed- 
dries more slowly than boiled; but the resulting film is more brilliant and durable. 

( Haw and boiled oils are therefore usually mixed in proportions varying according to the 
time which can be allowed for tho paint to dry, or to the properties required of tho film. 
Ifaronlmary kinds «f paint, equal parts of boiled and raw oils ore customary. Linseed-oil 
heated to 350^ to 400° F, (I7fi° to 204° (X) dries much more rapidly than in its raw state. 
Driers.—The maximum drying power is obtained by tho addition of certain metal] io 
atidcs, which not only part with some of their own oxygen to the oil, but also net as 
wrierg between the atmospheric oxygon and the heated liquid. This heating of the 
with oxides is known as boiling, although the liquid is not volatilized without decom- 
Ja ution, us is the case with wuter. At about 500° F. (SUIT G.), bubbles begin to rise 
it the oil, producing acrid white fumes on coming into contact with the nir, The gin* 
fim* given off consists chiefly of vapour of acrolein mingled with carbonic oxide. There 
i* no advantage in heating the oil higher than 35Q Q F. (176° 0.) : the drying properties 
< 2 f the oil arc not increased by heating beyond this point, while its colour is considerably 
darkened. For the finer qualities of boiled oils, it is essential that the raw oil should 
have bueti stored for some time, so that it may bo free from mucilage. This mucilage is 
the chief ftxzreoof the dark colour of some bailed oils; when heated, it forms a brown 
wubslaira, which is soluble in the oil itself, and extremely difficult to remove. The 
oxides usually added to the oil during boiling are litharge or reddead, the former being 
prderred on account of its lower price. About 2 to 5 per cent, by weight of the oxides 
or driers If gradually stirred into the oil after it has been slowly raided to about 3(HP F, 
{141F Q.}, The stirring should be continued until the litharge is dissolved, or it would 
e*ke on the bottom of the pan, and cause the oil to burn, litharge may even bo 
ftdoced to a cake of metallic lead when tho fire is brisk. Some pans arc furnished with 
stirrers and gearing by which the latter can be worked by hand or sslenm. TW 
of which the pans are made in wrought- or ca&triron, Copper pans u.rs wA 
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with the object of Improving the colour of the oil. Little is known respecting ito 
chemical reactions which tnko place during the boiling of oil. Eve® when the air it 
excluded during the process* the drying properties are greatly increased, and, if boilrd 
Jong enough, the oil is converted into a solid substance. The loss of weight whlffl 
ensues is dependent upon the temperature and the time during which the operation tm* 
Unties. It. is less when the air is freely admitted than if the pan is covered with a W.I 
The vapours gtven oil' by the oil are of an extremely irritating character, and should t* 
destroyed by pawing through a furnace. As their mixture with air in certain prop* 
tioiiH is explosive, tins furnace should be situated at some distance, and the goss* be am* 
ducted into it by an earthenware pipe. 

Since it has been tried to substitute zinc oxide for white-lead in pain ting, mcordkw 
have been made to replace litharge na a drier by a substance free from Ihe inconreeitnaBi 
which caused the abandonment of white-lead. If sulphuretted hydrogen bspninlh 
whiteness of painting done with white-lead, it is not logical to employ a lead drier 
zinc paints. Localise the latter substances will lose lbeir advantage of not becoming dirk 
Several metallic oxides and salts, especially zinc sulphate, manganese oxide, and niubtf, 
have tho property of combining with oils, which they render drying- To these mtyW 
aiided the protoxides of tho metals of the third class, i e. iron, cobalt, and tin. But tin* 
oxides are very unstable and difficult of preparation ; hence it became desirable tr> 
cover some means by which they might be combined with bodies which would emtit 
them to lie prepared then ply, and at tbe same time leave unimpaired their dediccatinf 
powers. Moreover, it is acknowledged that driers in the dry slate are preferable in ujmj 
respects to drying oil*. Following are same of the ream tly~int reduced drier*:— 

(1) Cobalt and Manganese Benzoates.—Benzoic acid is dissolved in boiling Wita 
the liquid being continually stirred, and neutralized with cobalt carbonate uslJ 
effervescence ceases. Excess of carbonate is removed by filtration, and the liquor It 
evaporated to dryness. Tho suit thus prepared is an amorphous, hard, brownish material, 
which muy bo powdered like rosin, and kept in tho pulverulent state in any 
simply folded in paper. Painting executed with a paint composed of 3 parts of this foot 
with 1000 of oil and 1200 of zinc-white, dries in 18 to 20 hours. Manganese benmalnh 
prepared in tbe same way, substituting manganese carbonate for that of cobalt. Appftd 
under similar circumstances, it dries a little more rapidly, and » little lea is reijuirei 
Urobenzoic (hippuric) acid is equally efficacious, 

(2) Cobalt and Manganese Borates.—These salts also, in the same proportion* in 
found to be of equal efficacy. The latter is extremely active, and requires to be o»d 
in much smaller proportions, 

(3) Resinates.—If an alkaline resinate of potash or soda bo dissolved in hot nltt 
and this solution be precipit ated by a solution of a proportionate quantity of a cobalt■* 
manganese chloride or sulphate, an amorphous resinate is formed, which, after Ivin* 
collected on cloth filters, washed, and dried, forms an excellent drier. 

(4) Zu malic (Transparent) Drier.—Take zino cor hem ate, 90 lb.; manganese beroto 
10 lb,; lioeeed-ciil, 90 lb. Grind thoroughly, and keep in bladders or tin tube*. The 
latter are preferable. 

(5) Zumtiiic (0|>aqne) Drier.—Manganese horntc, as a drier, is so energetic that il k 

proper to reduce its action in tho following way :^-Take 25 lb.; nutngam*# 

borate, I lb. Mix thoroughly, first by hand, then in a revolving drum; l ltx of Itu* 
mixed with 20 lb. paint ensures rapid drying, 

(G) Manganese Oxide.—Purified Unseed-oil is boiled for 6 or 8 hours, and to emty 
100 lb. boded oil are added 5 lb. of powdered manganese peroxide, which may bt kept 
suspended in a bug, like litharge. The liquid is boiled and stirred for 5 or ti hour* tmua. 
and then cooled aud filtered. This drying oil is employed in the proportion of 5 to lOprf 
mmL of tho zinc-white. 

(7) Gajnemer 1 *.—Take pure pwtV, m acetate, 1 |*di 
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Qtcl iXnc sulphate, 1 part ; white line oxide, 97 parlo, Grind the sulphate® and 
de to impalpable powder, lift through a metallic sieve, Duet 3 parts of lion powder 
til nf zitre oxide, spread cot over a slab or board, thoroughly mix, and grim). The 
lUtig white powder, mixed in the proportion of | or I jwr cent* with zinc-white, will 
rmemsly increase the drying property of this body, which will become dry in 10 or 
loora 

In using driers, observe that yon (1) do not employ them needlessly with pigment* 
nrL dry well in oil colour, (2) nor in excels, w hich would retard the drying, (3) nor 
I them to the colour until about to be used, (i) nor use mom limn one drier to the 
mi colour, (5) nor use any at all m the finishing coat of light colour®. 

OciiKfin^.^-jQ working any form or grinding-ratkn, great care must bo taken to 
tkn them thoroughly immediately after use. If the paint be allowed to dry upon the 
jtor* of the roller®, it is difficult of removal, and interferes with the perfect action of 
t machine. Should the working parts become dogged with solidified oil, a strong 
iafioii of caustic soda or potash will remove it. By means of the same solutions, 
•redain rollers may be kept quite white, oven if used for mixing coloured puints, 
though the colour of most pigments is improved by grinding them finely In oil, there 

* tome which suffer in intensity when their size of grain is reduced. Chrome red, for 
stance, owe® its deep colour to the crystals of winch it i® composed, mid when these 
c .reduced t<* extremely fine fragments, tin colour is considerably modified, 

IStorimg*—' When paint is not intended for immediate use, it is pocked in metallic keg® 

■r exportation to hot climate®, the rim of the lid is soldered down, a practice which 
Vctnally prevents access of atmospheric oxygen, White-lead paint is frequently 
clod in wooden krga; these prevent the discoloration sometime® caused by iron kegs, 
hr & paint is mixed ready for use, it will, if exposed to the air, become covered with a 
in, which so in auaius sufficient thickness to exclude atmospheric oxygen, and prevent 
y farther solidification of the oil. The paint may be still better protected by pouring 
iter over it, or it may be placed in air-tight cans. It it bus been allowed to stand for 
doc time, it must be well stirred before using, as the pigments have a tendency not 
!y tei separate from the oil, hut also to settle down according to their specific gravity, 
Applying .—Of whatever nature the surface may be to which the paint is to bo 
plied, great care mmt be taken that it is perfectly dry. Wood especially, even when 
parent!j dry, may on a damp day contain as much as 20 per Cent, of moisture. A film of 
mt applied to the surface of wood in this condition prevents the mobture from escaping, 
d it remains enclceed until a warm sun or artificial heat converts it into vapour, which 
sc® tbe paint and causes blisters. Moisture enclosed between two coate of paint has tho 
nc effect. Paiut rarely blisters when applied to wood from which old paint has been 
rat off; thia is probably due to the drying of the wood during the operation of burning. 
Prim mg. —Tb 6 first coat of paint applied to any surface is termed the 14 primiug- 
ti" It usually consists of red-tad and boiled and raw liusecd-oLl. Experience hue 

• wit that such a priming not only dries quickly itself, but also accelerates the drying 
the next coate The latter action must bo attributed to the oxygen Contained in the 

I ad, only a small portion of which is absorbed by the oil with which it is mixed. 
tn®om it Co M of London, prepare a substitute for boiled oil by mixing 10 parts 
ml blood, just as it is furnished from the slaughter-houses, with i part of air-slakod 
ailed into it through a fine sieve. The two are well mixed, and left standing for 24 
The dirty portion that collects on top is taken off. and the solid portion is broken 
From the lime at ti e bottom ; the latter is stirred up with water, left to settle, and 
iter poured off after the lime has settled. The dear liquid is well mixed up with 
did substance before monliuued. This mass is left standing for 10 or 12 day®) 
which a solution of poteen permanganate is added, which decolorize* it and pro- 
iU |.«ti! 7 ftfaction* Finally the mixture is stirred up, diluted with more water to give 
the cuUftUteuce of very thm s.zt. filtered, a few drops of oil of tafoftulet “Oao 








414 


Painting— Priming, DryiDg, Filling. 


preparation preserves! in closed vessels. It is said to keep a long time without change 
A single eoat of this liquid will suffice to prepare wood or paper, os well as lime or hod 
plaster walla, for painting with oil colours. This substance is cheaper than liureej-uti, 
and elates the pores of the surface so perfectly that it takes much less paint to carer it 
than when primed with oil. 

Drying, —The drying of paint ha to a great extent dependent upon the temperature. 
Below the freezing-point of water, paint will remain wet for weeks, even when nmol 
with u considerable proportion of driers; while, if exposed to a heat of 120° F* (49 s CjL 
the Mine paint will become solid in a few ham. The drying of paint being a ptwrei 
of oxidation and not evaporation, it is essential that a good supply of fresh air should h j 
provided. When a film of fresh paint is placed with air io a closed vessel* it dree wt 
absorb the whole of the oxygen present: but after a time the drying process is amstot 
and the remaining oxygen appears to have become inert. Considerable quantities of 
volatile vapours are given off during the drying of paint; these are due to the doremp 
aitiun of the oil. When the paint has been thinned down by turpentine, the wbdeflf 
this liquid evaporates on exposure to the air. There must* therefore, be a pleulifd 
access of air, to remove the vapours formed* and afford a fresh supply of active cmygra 
The presence of moisture in the air is rather beneficial than injurious at this in^r 
Especially in the case of painU mixed with varnish, moist air appears to counteract Hr 
tendency to crack or shrink. Under the erroneous impression that the drying of paint ii 
a species of evaporation* open tires are sometimes kept up in freshly-painted rooms It 
is only when the temperature is very low that any benefit can result from this pmc&e: 
ns a rule, it rather retards than hasten & the solidification of the oil* which cannot isto 
place rapidly in an atmosphere laden with carbonic acid. The first coat of paint should 
bo thoroughly dry before the second is applied. Acrylic acid is formed during the sri- 
dation of linseed-oil* and unless this be allowed to evaporate, it may mfaMfrottj 
liberate carbonic acid from the white-lead present in most paints, and give riss lo 
blisters. Sometimes a second priming-coat is given ; but usually the second end 
applied contains the pigment. This, as soon as dry, is again covered by another rest 
and subsequently by two or more finishing-eemts, according to the nature of the work 

Filling.—Bviorv the first coat is applied to wood* all holes should be filled op Bo 
filling usually employed is ordinary putty; this, however, sometimes consists of whiling 
ground up with oil foots of a non-drying character, and when the films of paint ore (by, 
the oil from the putty exudes to the surface, causing a stain. The best filling for ordiutfj 
purposes is whiting ground to a paste with boiled linseod-cil. Fur finer work* and fat 
filling cracks, red-lead mixed with the same vehicle may be employed. For 
bard woods, use boiled oil and corn starch stirred into a very thick paste: add a bilk 
japan, and reduce with turpentine. Add no colour for light ash ; for dark ash 
chestnut, use a little raw sienna; for walnut, burnt umber and a slight amount "f 
Venetian rod ; fur bay wood, burnt sienna. In im> case use more colour than u reqatod 
to overcome the white appearance of the starch, unless you wish Jo stain tbs wood. Thii 
filler is worked with brash and rags in the usual manner. Let it dry 48 hour*, or until 
it is in condition to rub down with No. 0 sandpaper* without much gumming tip; audit 
an extra fine finish is desired* fill ugaiu with the same materials, using less oil* but n>vt 
japan and turpentine. The second cocit will not shrink, being supported by the fi j** 
When iba second coat is hard* the wood is ready fur finishing up by following the asml 
methods. This formula is not intended for rosewood. 

CoaU .—There is no advantage in laying on the paint too thickly. A thick film takr* 
longer to dry thoroughly than two thin films of the same aggregate thickness. Faint b 
thinned down or diluted with linseed-oil or turpentine. The latter liquid, when u«ed io 
excess, causes the paint to dry with a dull surface* and bus on injurious effect upon iti 
stability. Sometimes the lost coat of paint is mixed with varauh, In order to gire d 
grvutcT brilliancy. In this cose, apee’uA c,\tv that the previous coats k*v* 
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r boIj dtfied, or crack a in the final coat may subsequently appear. The same 
plies when the surface of the paint is varnished. The turpentine with which 
h la mixed has a powerful action upon the oil contained in the paint, if the 
iot thoroughly oxidized, The exterior of the paint la thus softened, and Iho 
enabled to shrink and crack, especially in warm weather. 

■*.—The bristles are frequently fastened by glue or size, which \s not per- 
ucted upon by oil, and if bought into contact with this liquid alone, there 
no complaints of loose hairs coming out and spoiling the work. It is a common 
» leave the brushes in a paint*pnt, in which the paint is covered with water to 
om drying. The brushes are certainly kept soft and pliant in this way ; but 
ic time the glue is softened, and the bristles come out m soon as the brush is 
fter use, brashes should be cleaned, and placed in linseed-oil until again 
when they will bo found in good condition. Treated in this way, they will 
ueh better that the little additional trouble entailed is amply repaid. When 
ill not again be required for some time, the oil remaining in thorn should bo 
it by means of turpentine, after which they may be dried without deterioration. 
»uirt should oil be allowed to dry in a brush, as it is most difficult to remove 
tion baa taken place. The best means are steeping m benzoline for a few 
turpentine, with occasional washing in soda-water and with soft-soap, avoiding 
t rubbing. 

w,—When the surface to be painted is already covered with old paint, this 
either removed or rubbed down smooth before applying the new. When the 
the old coat is not great, rubbing down, accompanied by a careful scraping 
and defective parts, will suffice. When the thickness of the old paint necessi- 
emoval, it may either be burned off, or softened by a solution of caustic alkali, 
wards scraped. The burning process is the most effective, and leaves the 
fit fxmditiou to receive the fresh coat of paint; but it is not applicable in the 
e mouldings. When caustic potash or soda is used, the paint is left in contact 
some time, when the 1 in oleic acid of the oxidized linseed-oil becomes 
, and can easily be scraped or scrubbed off the surface of the wood. Whenever 
is employed, it is of the greatest Importance that the wood should afterwards 
ghiy washed several times with clean water, in order to remove every trace of 
Any soda or potash remaining in the pores of the wood would not only 
Ere and cause blistering, but would also have an injurious action upon the 
the paint subsequently applied, and in many eases upon the pigment itself, 
already made us to the necessity of an absolutely dry surface should bo 
d in this instance. When the surface of the paint is to be protected by a 
#h t the latter should not be applied until the whole of the oil contained in 
bn* solidified. The wrinkling of varnish upon paint is frequently erroneously 
to the bad quality of the varnish, when the real cause is the incomplete 
of the paint itself. Following are some recipes for removing and cleaning old 
ices :—(1) Dissolve 2 oz. soft soap, 4 oz. potash, in boiling water, odd J lb. 
Apply hot, and leave for 12-24 hours. This will enable the old paint to bo 
with hot water, (2) Cleaning old paint is effected by washing with a 
f pearl ash in water. If liio surface is greasy it should be treated with fresh 
mixed in water, washed off, and reapplied repeatedly, (3) Extract of 
is a ready-made preparation which removes old paint very quickly. For this 
pure extract must be thinly brushed river the surface twice or thrice. To 
single coat of paint the extract is diluted with 30 times its bulk of water. To 
ited surfaces it is diluted with 200 or 300 parts of water. The extract must 
y washed off with vinegar and water before laying on another coat of paint, 
place with naphtha, repeating as often as is required,; bnt <wa» 

will dissolve the paint As soon ns it u softened, yu\i 
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Chloroform* mixed with a small quantity" of spirit ammonia* him be^n employed wi 
successfully to remove the stains of dry paint from wood, silt, and other mh*ttno* 
(5) Mix 1 oz, peurlsah with 3 ox. quick atone lime, by disking the lime in mb? aod 
then adding the peariash, making the mixture about the consistence of point* Lay tte 
above over the whole of the work required to be cleaned, with an old brush; let it rtnua . 
H or !G hours, when the paint can be easily scraped off 

Knotting ,-*Knotting is the material used by painters to cover over tire surfaces 'rf ] 
knots in wood before painting. The object is to prevent the exudation of inrprtitlix, i 
Ac*, from the knots, or, on the other hand, to prevent the knots from absorbing Gw j 
paint, and thus leaving marks on the painted surface* Ordinary knotting is ofka I 
applied in 2 coats* First size # * knotting is mode by grinding red load in water nmf I 
mixing it with strong glue size. It is used Lot, dries in about 10 minutes, and prere-ah 4 
exudation* “Second” knotting consists of red lead ground in oil, ami thinned with m 
boiled oil and turpentine, Patent knotting is chiefly shellac dissolved in naijiitLx 1 
Following is a recipe for a similar knotting:—Add together 1 pint japannere gold a*,I 

1 tensjmnrtfid red lead, 1 pint vegetable naphtha, 7 oz. orange shellac. This nrixitty u 1 
to be kept in a warm place w hilst the shellac dissolves, and must bo frequently diaba I 
Sometimes hot lime is used for killing knots. It is left on them for about £4 hnotlt ii 
certified uff, and the surface coated with size knotting ; or if this does not kill the kwK J 
they are theu painted with red and white lead ground in oil, nnd when dry rttW 1 
smooth With pumice* Sometimes after application of the limo the knots are pgamlOTttl 
w ith n hot Iren* and then rubbed smooth* When the knots are very bad they m»y t* j 
cut nut* or covered with silver leaf. 

ira/cr'cnlotirf.—The manufacture of water-colour paints is more simple than tint at k j 
nil-paints, the pigments being first ground extremely fins and then mixed wist * J 
dilution of gum or glue* The paste produced in this manner is allowed to dry, dk? j 
having been stamped iulo (he form of cakes* As soon us the hardened mass is rubhd I 
down with water, the gum softens and dissolves, and if the proportion of water t* al J 
too great, the pigment will remain suspended in the solution of gum, and&al* i 
applied in the same manner us oil-paint. To facilitate the mixing with water, glyotfji* i 
is sometimes added to the cake of paint, which then remains moist and soft 

Removing (1) Place a vegst?] of lighted charcoal in the room, and threw m it j 

2 or 3 hand fu I a of juniper berries ; abut the windows, the chimney, and the drwr cW; 1 
24 hours afterwards the room may lie opened, when it will be found that the dlAjj, 
unwholesome smell will be entirely gone. (2) Plunge a handful of hay lute a 1 
water, and let it stand in the room newly painted. 

Ujseofornf ion,— Light-coloured paints, especially those having white-lead as a haxia, ] 
rapidly discolour under different circumstances. Thu# white paint discolour* whnl 
excluded from the light; stone colours lose their tone when exposed to sulpkunrtttd 
hydrogen, even when that is only present in very small quantity In the air ; grrem M* * 
or darken, and vermilion loses its brilliancy rapidly in a smoky atmosphere like that «f 
London. Ludcrsdorf thinks that the destructive change is principally due to a proper J 
in linseed-oil which cannot be destroyed* The utility of drying oils for mixing ] 
merits depends entirely on the fact that they are converted by tho absorption of cajpi 
into a kind of rosin, which retains tho colouring pigment in its semblance; but dtrrinf 
tliis oxidization of the oil—the drying of the point—a process is set up which, espec-ally 
in the absence of light and air, soon gives the whitest point o yellow tinge. Ludemkff 
therefore proposes to employ an already formed but colourless resin as the biodittf 
material of the paint, and he selects two resins as being specially «ui tableau* I 
satidamcb, soluble in alcohol; the other, dammar, soluble in turpentine* The andfllft^ 
must be carefully picked over, and 7 oz. is added to 2 oz* Venice turpentine and *1 at ] 
alcohol of sp. gr. 0 833* The mixture is put in a suitable vessel over a alow fin? <* 
ftpiret-Jjunp, and heated, stirring dtivgpalYy, until it is almost boiling. If the mil tan bt 
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this temperature, with frequent stirring, for an hour, the resin will be dissolved, 
od the varnish is ready for use as soon as cool* The Venice turpentine is necessary to 
rent too rapid drying, and more dilute alcohol cannot be employed, because aandnmch 
?s not dissolve easily iu weaker alcohol, and, furthermore, the alcohol* by evaporation, 
mid toon become so weak that the resin would be precipitated as a powder. When 
U.w U to be mixed with white-lead, the latter must firtit be finely ground in water, and 
again. It is then rubbed with a little turpentine on a slab, no more turpentine 
being taken than in absolutely ueraseary to enable it to be worked with the muller ; I lb, 
of it* white-lead is then mixed w ith exactly } lb. of varnish, and stirred up for use. It 
must be applied rapidly, because it dries so quickly. If when dry the colour is wanting 
in lustre, it indicates the use of too much varnish. In such cases, the article painted 
ahmild be rubbed, when perfectly dry, with a woollen cloth to give it a glees. The 
dammar varnish is made by heating 8 o? dammar in 1G oz. turpentine oil at 165* to 
Mo 5 F* (74° to 88* C.), stirring diligently, and keeping it at this temperature until all is 
«Jiv*dved t which requires about an hour. The varnish is then decanted from any im¬ 
parities, and preserved for use. The second coat of the pure varnish, to which half its 
Wright of oil of turpentine has been added, may bo applied. It is still better to apply a 
coat of sandorach varnish made with alcohol, because dammar varnish alone does not 
p«u the hardness of *andarach f mnd when the article covered with it is bandied touch, 
d«si not last so long. 

JfueeManeoiij Pa tut#.—Under this head the following few varieties deserve notice 

Cement paint for caftan-pierre*—Composed of 2 parts washed graphite, 2 red-lead, 
16 frmhly-prepared cement, 16 barium sulphate, i Wad protoxide, 2 alcoholized white 
litharge. The paint must be put on as soon as the roofing is securely fastened, r hooting 
the dry s-eesou and a sunny day. Caro must be taken to put it on well over the joints ; 
H k recommended that an extra coating should be given to the portions that overlap 
wach other, so na to render them water-tight. As a rule, two coats are put on* The first, 
whilst still wet, is covered with au even layer of fine dry sand sprinkled over it through 
wiiere* This is done bit by bit, as the roof is painted, so as to prevent the workmen 
stepping on the wet paint. The second coat is put on about a week later, the stud 
which has not stuck fast being first swept off. The second coat is not sanded. It is 
merely intended to combine with the uuder-coot and form a durable waterproof surface, 
which wOJ prevent the evaporation of the tar-oil, the usual cause of the failure of carton- 
jterre roofing, aud present a good appearance os well. 

Coloured paints,—Coloured lead paints are produced by adding a suitable pigment to 
s white-lead paint until the required tint is obtained. A few of the most common tints 
produced by mixing 2 or more colours may be mentioned* The colours used are generally 
di vided into classes. The following list shows the pigments added to white-lead paint 
to produce compound colours. The same pigments, except those containing lead, may 
be used with a zinc-white bash for coloured zinc paint a— 

* Stone odour + . Burnt umber* 

Raw umber* 

Yellow ochre* 

Itow umber and lampblack. \ Pw darkeI lhadafc 
Yellow ochre and lampblack*/ 

Drabs ,, Burnt umber* 

Burnt utuber and yellow ochre for a warm tint 
Ruff* .• „ Yellow ochre* 

Yellow ochre and Venetian red. 

Grays *, ,* Lampblack, 

Indian red—indigo—for a warm shade. 

Brown ** ** Burnt sienna, indigo. 

J.ake t Prussian blue (or indigo) and yettow w&ie. 
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Yellows „. 

* P Chrome yellow. 

Green 

«. Prussian blue, ehmme yellow. 

Indigo, burnt Btenna (or raw umber). 
Prussian blue, raw umber. 

Avoid arsenical greens. 

Salmon P . 

Venetian red. 

Vermilion. 

Fawn ■' 

.. Stone ochre and vermilion 

Sky-blue ,* 

.. Prussian bine. 

Pea-green 

,. Fir uub w ick green. 

French green. 

Prussian blue, chrome yellow. 


Copper paint.—BeflsemeFB copper paint gives a glossy and elegant ec 
metal, wood, or porcelain; when united with oils, it assumes an antique 
appearance. 

Floors, paint for.—A paint for floors, which economizes the use of oil c 
varnish, is described in the German technical press as having been composed by y 
It is remarked that this paint can also be used on wood, stone, Ac, For floort 
following mixture has been found applicable: 2J ox, good, clear jobeit 1 glue h 
overnight in cold water. It is dissolved, and then is added fbtung constantly 
to thickiah milk of lime heated to boiling-point, and prepared from 1 lb, qc 
Into boiling lime is poured (the stirring being continued) ne much Imi 
becomes united by means of an poo location with the lime, and when the oil no 
mixes no more is poured in. If there happens to be too much oil added, i 
be combined by the addition of some fresh lime paste. For the quantity 
previously indicated, about $ lb, oil is required. After this white, thickiah fun 
paint has cooled, a colour is added which is not affected by lime, and in coae 
the paint is diluted with water, or by the addition of a mixture of lime wat 
some linseed-oil. For yellowish-brown or brownish-red shades about f the enti 
is added of a brown solution obtained by boiling shellac and borax with water* 
mixture is specially adapted for painting floors. The paint should be applied uu 
and is described m§ covering the floor most effectually, and uniting with it in a 
manner. But it is remarked that it is not suitable for employment in case 
a room is in constant use, as under such circumstances it would probatal 
to be renewed in some places every 3 months. The most durable floor p 
said to be that composed of linseed-oil varnish, which only requires to be r 
every 6 or 12 months. It penetrates into tbo wood and mokes it water ra 
its properties being thus of a nature to compensate for its higher cost in pm 
to other compositions used for a similar purpose. Its use is particularly 
mended in schools and workrooms, m it lessens dust and facilitates the clea 
the boards* 

Gold paint.—Do not mix the gold size and powder together, but go over tbi 
to be gilded with the size alone, giving an even and moderate coating. Let it dn 
will not take long) till it is just sticky, or, os gliders call it, ** tacky * Then 
sheet of smooth writing-paper dust on the dry gold powder by means of a 
sable brush. 

Iron paint.—The 1 Photographieohes Wuchenblatt* mentions that Sponge 
has a point composed of pulverized iron end linseed-oil varnish. It is it 
for painting namp walls, kettles, outer walls, or any place or vessel exposed 
mtiou of the open air and weather. Should the article be exposed to 
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changes of temperature. linseed-oil varnish and amber varnish should bo mixed 
With the pamt intended for the first 2 coats, without the addition of any artificial 
drying medium. The first coat should bo applied rather thin* the second a little 
thicker, and the last in a rather fluid state. It is not necessary to free iron from 
unt, grease, Ac., by means of acid before applying the paint, as a superficial cleaning 
b sufficient. The paint is equally adapted os a weather-proof coating for iron, wood, 

®nd stone. 

Iron, point for.—The value of red-lead ns a preservative for iron has been generally 
tempted. Wrought iron requires a hard and elastic paint, which will hold itself together 
cpu if the scale benefith gives way. The following experiment*, made under tlm 
iftapkea of the Dutch Btote railroads, may bo instructive. Iron plates were prepared 
fa painting as follows : 16 plates were pickled in acid (hydrochloric), then neutralized 
tith lime (slaked), rinsed in hot water, and while warm rubbed with oil. The same 
Duller of plates were cleared of scale, so far as it could bo removed by brushing and 
^raping. Plates from each set were then painted alike—namely, 4 with coal-tar and 
I with iron oxide A : another set with iron oxide B, and the remaining get with red-lead. 
Tbej were then exposed 3 years, ant! the results observed were as follows: The coal-tar 
*>n the crabbed plates was quite gone, that put on the pickled plates was inferior to the 
others. The iron oxide A on the scrubbed plates was inferior to the other two* while on 
tho pickled phvto it held well. The oxide B was found superior to that of A* hut 
inferior to red-Iead t while tho plates covered with red-lead stood equally Wtdl on both 
prepared plates, and were superior to all others. From these results it is evident that 
pickling the iron removes all the black oxide, while scrubbing does not. It is ahn 
Shawn that tho red-lead unites with, oil to form a hard* oxy-linseed-oil acid soap, a 
harder &nup than that given by any other combination. The red-lead is shown by thneo 
experiments not to give way under the scaling; it is more adherent to the surface, mom 
clastic nod cohesive. On the Cincinnati Southern Railroad* experience extending over 
some years has shown that red-lead has proved the moat durable paint in the many 
miles of iron trestle and bridgework. It is found that the iron oxide is washed away 
by the rain and perishes in spots* although a valuable paint if frequently renewed. Koil- 
lead, on the other hand* is more expensive than iron oxide, and is difficult to be obtained 
pore. Referring to white-lead iw a material for painting iron, one authority observes 
that white-load should not, if possible, bo used in priming iron* nor in any priming 
coat; moreover, it is a leas desirable overcoat than iron oxide. The class of iron 
joints compounded of ores of natural iron rud, combined with clay or some other form 
of ciUda, are very useful* us limy contain no water nor sulphuric acid. Magnetic szlifo 
or pure iron oxide, is an excellent protection for iron, says one w riter ; it is inqtosaiblc to 
irrape it off. It te also of value in woodwork, and resists the action of salt water 
and salphuTous gases* so destructive to most paints, There Is no doubt the greet 
protective element in paint is the oil, and tho conditions required for success are 
touted to be to prevent the drying part of tho oil from becoming hard dry; the waft- 
keeping, non-drying adds must be kept from flying away in such a quantity as to 
reduce the oil to a brittle mass. In other words, the elastic qualities of the oil must 
be protected from the action of the oxygen. Aoeordiug to Louis Matem, red-lead 
paaMwes the following advantages for the preservation of tho iron, which is the main 
abject to lie gained:—(1) It dries easily with raw linseed-oil* without an oil-destroying 
drier. All known driers decompose oil. (2) After drying, it remains elastic, giving 
way both to the extension and contraction of the iron, without causing tho paint to 
crack. (3) It imparts no oxygen to iron, even when constantly exposed to damp. 
(I) It harden*, where it lias been spread thickly, without shrivelling, forming the 
lii'jghtait and most perfect, insoluble combination of all paints. 

Lend paints.—For white-lead pafnf, the best puro wbiWdwuY wj *eexn» 
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from the air. It possesses good covering power* but blackens in contact with air oak 
taming sulphuretted hydrogen* and is injurious to those using it Coloured kart painli 
consist of a basis of white-lead with a certain quality of colouring pigment separate!} 
ground in oil, and added to the 2 Inst coats. When the white-lead is bought dry, it 
i mist he ground up with raw linseed-oil by moans of a atone mu Her on a marble ikh 
The thick paste thus produced is thinned and softened by adding a little oil and turf* 
and working well with a palette knife. The colouring pigments are added at this 
stage* and the consistence is rendered creamy by adding more oil and turps ; the wink 
is finally passed through a canvas strainer* Just before use, it is thinned down to i 
working consistence by adding more oil md turpi* and the driera are then introduced 

Lime paints*—(a) For deal floors, wood, stone, and brick work. Dissolve 15 dr. 
glue by boiling with thickish milk of lime, which contains I lb* caustic lime. Then dl 
linseed-oil just sufficient to form a soap with the lime* This mixture can he used fix 
making up any colour which is not altered by lime. A solution or shellac in borax ■ -a 
be added for brown-rod or brown-yellow eclours, and is very suitable in painting ikil 
floors, With a coating of varnish or lake* the substances thus painted assume a fine 
lustre. They can be polished with linsccd-oil or turpentine* 

(fc) A lime paint which will bear washing. 3 parts flint* 3 marble fragments aid 
sandstone* 2 calcined white chinn-clay* and 2 slaked lime, all in powder, furnish a paint 
to which chosen colours* that may bo employed with lime, are added. This paint, bj 
repented applications* becomes as hard as stone, without losing porosity. 

Si Heated.—When the surface to be painted is of a mineral nature, such os the extern* 
of a house* the pigments may ho mixed with a vehicle consisting chiefly of water-gU* 
or soda or potash silicate* This method of painting requires some care, and a knowledge 
of the chemical nature of the pigments used. Some colours are completely d&troj'd 
by the alkali contained in the water-glass. Among those pigments which are not ulh'-rol 
by the alkali may be mentioned lime carbonate* baryta white, zinc white* cadmium 
yellow, Nii pics yellow, baryta chromate, chrome red, red ultra marine, blue ultramarine 
cobalt blue* cobalt green, chrome green* ivory black. When a wall is to be painM* it 
thou Id first be prepared with a mortar composed of pure fat lime and clean sharp rand. 
The water used should also be free from saline impurities, as these might anbseqnetid? 
effloresce and destroy the surface of the paint. When the surface of this plaster » 
dry* a weak solution of water-glass should be applied, and the operation repeated 
several times. A strong solution cannot be used* because it forms a thin skin on 
the surface of the plaster, which closes the pores, and prevents the penetration of ihn 
water--gloss. The pigments are rubbed down with a very weak solution of water- 
glass* and applied in the ordinary manner. When thoroughly dry* fhe painted eurfiue 
is treated with a worm sol ui-ion of jiotash silicate applied in the form of a spray. 
Soda silicate may also be used, but the soda carbonate which is then formed h 
1 hi Me to cause efflorescence. A pigment fixed on the surface of a wall in this moiinc? 
Is as durable us the wall itself, and can be exposed to the weather without any k&rat 
deterioration. 

Steatite paint—In the United Stales this is made from u native hydrated magiusa 
silica le, and is applied (o ships* bottoms, to walls for preventing dampness, and to raote 
for making them fireproof. 

Tin roofing, paint for.—Perhaps the best paint for a tin roof is made from oomtara 
Spanish brown* Venetian red* or yellow ochre* mixed with either pure raw linseed fill 
or equal parts Unseed and fish oils; the only partial drying of the latter causing * 
degree of elasticity in the coat of paint, which prevents Its cracking during ths 
expansion and contraction of the metal. 

Transparent paints.—If in a position to coat the glass before putting in from 
excellent effects tuny be got by u%in^ ordinary shellac varnish (made with bleated 
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■idlae) tinted with aniline dye. The glass must be slightly warmed before applying 
tie varnish. The strongest spirit of wine should he used for dissolving the shellac and 
too powdered (not liquid) aniline colours. Sufficient of the colour must be added to 
tie varnish to give the required tint; 1 part of shellac to 8 of spirit is a good 
proportion. Methylated spirit will do. Tho varnish should be poured on and placed 
eu-tdy over the glass (not painted on) f and the superfluous quantity returned to tho 
bottle. 

Tungsten paints.—Tho mineral colours from tungsten are obtained by decomposing 
soluble tungstates by means of salts of the mo tale! yielding insoluble phosphates. The 
tungstate of nickel produces a light green, tungstate of chromium a dark grey, tungstate 
tif cobalt a violet or indigo blue, and tungstate of barium a bright white colour. Tungstic 
idd alone gives a fine light greenish-yellow. All these colours may be employed for 
niter- or oil-colour paints; the last is a really desirable and probably quite unchange¬ 
able colour. 

Window-paint—Mix with white-lead, boiled oil or varnish, and a small quantity of 
driers (no turps* which hardens for Ihe time, being a volatile oil, and therefore objection- 
tide in this case); paint this over the glass thinly* and stipple it. If you have not a 
proper brush* make a large pledget of cotton wool or tew, cover it with a clean bit of 
linen rag, and quickly dab it over tho paint. 

Zinc, paint for*—The difficulty of making oil colours adhere to zinc is welt known. 
Sense time since. Prof* Bdttger published a process which consists in applying with 
i hard brush a mordant composed of 1 part copper chloride, 1 copper nitrate, 1 sal- 
ammoniac, and G4 water* to which is added afterwards 1 hydrochloric acid. The zinc 
immediately becomes intensely black, which changes In drying (12 te 24 hours) to a 
dirty whitish grey, on which oil colours may be laid, and to which they will adhere 
Irmly. 

CbnfKwtfai of Paint **—The composition of paints should bo governed—(1) by tho 
nature of the material to be painted : thus the paints respectively best adapted for wood 
and iron differ considerably ; (2) by the kind of surface to be covered—a porous surface 
requires more oil than one that is impervious; (3) by the nature and appearance of the 
work to be done: delicate tints require colotiriees oil, a flatted surface must be painted 
without oil (which gives gloss te a shining surface), paints for surfaces intended te bo 
varaUhed must contain a minimum of oil • (4) by the climate and the degree of 
exposure to which the work will be subjected: for outside work boiled oil hi used, 
because it weathers better than raw oil, turps is avoided us much as possible, because it 
evaporates and does not last; if* however, the work is to be exposed to the sun, turps is 
necessary to prevent the paint from blistering \ (5) the skill of the painter nftVct* tho 
ctvnpoeitlon ; a good workman can lay on even coats with a smaller quantity of oil and 
turps than one who is unskilful; extra turps, especially, are often added to save labour; 
(6) the quality of the materials makes an important difference in the proportions used; 
thug more oil and turps will combine with pure than with impure white-lead; thick oil 
must be used in greater quantity than thin; when paint is purchased ready ground in 
oil* a soft paste will require less turps and oil for thinning than a thick ; (7) tho different 
o ats of paint vary m their composition: the first coat laid ou te tiew r work requires a 
good deal of oil to soak into the material; on old work, the first cent requires turpentine 
to moke it adhere; the intermediate coats con tain a proportion of turpentine to make 
them work smoothly ; and to tho final coats the colouring materials are added, the 
remainder of tho ingredients being varied according as the surface is to bo glossy 
or fiat 

The exact proportions of ingredients best to ho used in mixing painta vary according 
to their quality, tho nature of the work required, the climate, and other considerations* 
Tho composition of paint for different costs also varies considerably* TKts 
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given in the following table must only be taken as an approximate guide when It* 
materials are of good quality:— I 


Table showing the Composition of the different Coats of White Paint, and tbo 
Quantities required to cover 10ft ytL of newly-worked Ptne* 
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15 
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15 
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4th coat 


15 

3 

n 
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For every 100 aq. yd., besides tbo materials enumerated in the foregoing,^ Ik 
white*lead and 5 lb. putty will be required for stopping. The area which a ginU 
quantity of paint will cover depends upon the nature of the surface to which it k 
applied, the proportion of the ingredients, and the state of the weather* Whan tlw 
work is required to dry quickly, more turpentine in added to all the cmU» In 
repainting old work, two coots are generally required, tbo old paint being comm !* r d m 
priming. Sometimes another coat may be deemed necessary* For outside old inik 
exposed to the sun* both coats should contain 1 pint turpentine and 4 pint* boiled ail. 
the remaining ingredients being as stated in the foregoing table* The extra turpeutfe* 
ia used to prevent blistering. In cold weather more turpentine should be used to taste 
the puiut flow freely* 

JfeoMn'ny Painters' TForfc.—Surface painting is measured by the superficial pi* 
girting every part of the work covered, always making allowance for the deep cutting 
in mouldings, carved work* railings or other work that is difficult to get *iL Wtew 
work is very high, and scaffolding or ladders have to be employed, allowances post te 
made. Tbo following rules are generally adopted in America in the measurement of 
work:—Surfaces under 6 in* in width or girt are called 6 in,; from 6 to 12 in.* 12 in.: 
over 12 in., measured superficial, Openings are deducted, but all jambs, remix <* 
eastings are measured girt* Sashes are measured solid if more than 2 lights; Dw«t 
abvtterSf and panelling urn measured by IW tunning the tape iu all quirks, and?*. 
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or corners. Sash doors men sure solid. Glazing in both windows and floors is always 
extra* The tape should be run close in over the battens, on batten doom, and if the 
staff is beaded, add 1 in, in width for each bead. Venetian blinds are measured 
double. Dentals, brackets, medallions, ornamented ironwork, balusters, lattice work, 
pilings, or tamed work, should all be measured doable. Changing colours on liase 
kards. panels, cornices, or other work, one-fourtb extra measurement should be allowed 
far each tint. Add 5 per cent, to regular price for knotting, puttying, denning, and 
smlpapering. For work done above the ground floor, charge as follows;—Add 5 per 
cent for each storey of 12 ft. or less, if interior work ; if exterior work* add 1 per osat 
(breach ft of height above the first 12 ft. 

Paw .Urtf 0ream»—This is a preparation sometimes employed by painters when they 
Oft obliged to leave work unfinished for a length of time. Cover the already painted 
putt with it; it will preserve the freshness of tbe colours, and cun be easily removed on 
ntmiag to the work. It is made as follows:—Take § oz. best mastic, finely powdered 

dissolve it over a gentle fire. In 3 oz. very clour tmt-oil, Four the mixture into a 
nimbi© mortar, with 2 dr, pounded sugar of lead at the bottom, Stir with a wooden 
Mtie, and keep adding water in small quantities till the whole has tho appearance and 
tiucknesa of cream, and refuses to admit more water, so as to mix freely, 

WaU Painting .—If a plastered wall be new, and has not been whitewashed, it will 
do to size it with glue water; but if it has been kalaomined or whitewashed, which is 
■"fsen the case, no glue sizing should ever touch It. Any preparation of that kind is 
Cable, sooner or later, to peel off and spoil tho surface for any future finish, A safer 
vay is to take oil and coat the whole surface before painting, which makes a fust union 
of any wash to the wall. On such a hose oil paint© will adhere perfectly. But tho 
principal trouble in painting walls is found in tho defective character of the plastering* 
if Lifrfs i© building a house, be can place the studding 12 in, from centre to centre, so 
ttul strong laths wilt not spring and break up the mortar at every pressure. The laths, 
to>, should bo spread £ in. apart, and the mortar have 12 Ik of hair to the barrel of lime. 
Tint will make a wall that will stand like tho walla of a house plastered 100 years ag«x 
The IUmdq why the plastering falls off from our modern houses is because tho laths are 
hid si dose that the immediate swelling cut© off tho clinch, and tho mortar is usually 
too sandy, and 1ms hut 6 lb, of hair. On such a surface are laid 3 coats, when the 
clinch will fail to bold 1. Professional lathers or masons themselves ought to lay the 
Utfcj and be sure of a large spread; then if the mortar is strong or rich, wilh plenty of 
hair, there cam be no falling off. If the work is well done, the ceiling as well as the side 
walk may lie pointed to advantage. When any portion becomes soiled or smoked, it 
*41 then be an easy matter to wash it off. Booms once thoroughly prepared in that 
my last for a lifetime, and always look substantial and neat. Xu case of cracks, make 
Kjtnc putty of the same colour as the paint and fill up. 

The following remarks are condensed from an interesting paper on mural painting 
y liev* J. A, Bivington. read before tho Society of Arts. 

Fresoo-pointing, properly so-called, is the process of painting in water-colours upon 
ret mortar containing lime. In this process, the action of tho carbonic acid in tho 
troosphere converts the lime of the mortar into carbonate of lime, and this latter it is 
rhieh forms the preservative or fixing medium for the colours. The carbonic acid is 
riven out of the limestone or chalk originally by the process of burning, and tho lime 
cmains. When slaked, the lime is converted into a pulp of hydrate of lime. In this 
njj it exists In the mortar, and greedily absorbs the water with which the colours aro 
[ipUed, This water, together with that already la tho mortar, dissolves a portion of 
j© hydrate of lima, and after a time this solution finds its way, through the supervening 
r,ci of colour, to the surface, w*.*ere it absorbs carbonic acid gas from the atmosphere, 
y this means it becomes converted into cartmiiuto of Hina, and lies upon the surface of 
}£ pointing in tho form of a thin crystahic film, protecting and securing \V Vi vu3a w 
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decree ttrnt it will admit of being waited, provided no great amount of friction t« 

employed* 

Experiment has shown that in fresco-painting the colour doea not sink farther into 
the ground than in the cnee of any water-colour laid on a dry ground. On the eantTirj; 
the pigment becomes saturated with the solution of hydrate of lime which exudei ttm 
the mortar, and which can only become ooim-rted into a film of carbonate of lime on 
surface ; beneath tins, the adherence of the pigment to the mortar is very slight, u mi; 
be easily proved when the crystwllic film has boon scraped off, or dissolved away by the 
application of an acid, or even removed, m is some times possible, by merely robbing 
the surface with the moistened finger. After the removal of the protecting film cf 
carbonate of lime by some such means, the pigment gives way readily when rubbed 
with the finger, and with even ■till greater readiness if moisture be also applied A 
very striking illustration of this is afforded by the fute of the frescoes executed about 
18 or 20 years ago on the exterior of the new Pinakothek in Munich. On the northris 
and eastern sides, the hail and rain have destroyed arid washed away not only tbs 
protecting film of carbonate of lime, but also almost every vestige of colour. Tbs 
tendency to peel off in flakes, which paintings executed in fresco have often iliowi, 
admits likewise of a very simple explanation. 

As a consequence of the greedy absorption by Iho mortar of the water contained in 
the pigments, the particles of the latter adhere mechanically to the surface of the marti* 
by capillary attraction, and that so closely ns to permit of a second layer being very 
shortly after laid upon the first, without mixing with it in any way. Similarly, tbs 
second layer will admit of a third being superimpoaed. All 3 layers now beooia* 
an turn ltd with the solution of hydrate of lime, and are united by a real prerea d 
cohesion. This process is, however, only in the highest degree perfect where the impel* 
imposed layers have been applied before the hydrate of lime has completely penctiahd 
the pigments. In those cases where it has so penetrated, and the cry&taUb film hii 
already partly formed, the saturation cannot bo so perfect; and where colours have toes 
laid on after the film ie fully developed, these can only adhere to the surface in a t'vj 
imperfect degree. It follows that damp, or other causes, are sufficient to induce ihm 
to peel off very readily from the more firmly attached layers beneath. 

The more or less inefficient modern substitutes for fresco arc infinitely less deserting 
of respect. Most of them, if not all, such as wax colour, casein, as employed abroad, da 
not profess to be capable of resisting the influence of weather, when exposed to the of<o 
air. They are, lharefore, only comparatively permanent, even when used for intrritf 
decoration, and may bo dismissed without further mention. 

Gambier Parry’s process of ■* spirit fresco " appears to possess merits beyond mrii 
methods as are employed abroad, but, like them, it is not in tended for exposure t& tine 
open air, and cannot enter into competition with Keim’s process. It is, perhaps us* 
necessary to remark that the only sure guarantee for the permanence of any pahthig 
must rest its claims on a thoroughly scientific observance of, and adherence to, the law 
of chemistry. Unless the painting is executed under conditions which can be proved to 
eons ply with the demands of chemical laws, its permanence is a mere matter of hap¬ 
hazard experiment, and a perfectly open question, which even the test of time itself mn 
hardly settle conclusively, since, without a thoroughly scientific basis, there is no md 
guarantee that the conditions will not vary, A substitute for fresco-painting h«s breo 
adopted of late years in this country, for paintings on a small scale, by the employment 
of oil colours, with a matt medium to destroy the gloss peculiar to oil pigments, and to 
impart the dead surface so necessary to mu ml decorative paintings. Very little 
ftider&tion is required to show that this method presents, j)orh&pe, the lenst guarantee 
of any process, for the permanence of the puinting. In oil colours, it is the oil which, by 
filling the pores of the pigments, serves at once as a preservative nut! binding msdiaja, 
white tho varnish forms an additional pretrattou atmospheric influence, Tbt 
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virions mediums used to destroy the characteristic effect of oil, effect this by expelling 
or neutralizing it* The volatile elements of the mediums then e vaporate, leaving the 
poira open for the chemical action of carbonic acid gas, sulphuretted hydrogen, or any 
ott^sr deleterious agent in the atmosphere* to destroy the colour, while little or nothing 
remains to bind the substance of the pigments together The comparatively rapid ruin 
d each paintings is the only possible result* 

Heim's process claims attention ns being the result of nearly 12 years’ thoroughly 
toautific labour and research on the part of fhe inventor, and is based on the atcreo- 
diioiu© process of Schlotthauer and Fuchs, differing however from that in such important 
particulars aa to constitute, practically. an entirely new process of itself. 

In ISIS, Prof. Schlutthauer, of the Munich Academy, who bad for some time been 
engaged in experiments with a view to discovering some permanent process for mural 
printings, turned his attention to the substance known as water-glass (sodium silicate), 
tk invention of the chemist Fuchs. The result was the adoption of the stereo-chrome 
process. In this process the surface to be painted on consisted of an ordinary mortar of 
Bine and sand, impregnated with wator-glass. Upon this surface the painting was 
executed in water-colour, and was then fixed by water-glass thrown against the surface 
m the form of a fine spray, the water-glass in this case forming the fixative for the 
punting. In practice, it soon became evident that a simple spraying of water-glass, 
applied to heterogenous pigments, without reference to their peculiar properties as 
regards chemical composition, cohesive capability, Ac, f was not sufficient to ensure their 
permanence* Certain colours in particular, as ultramarine, umber, and black, were 
(faffed to be always tho first to detach them selves m the form of powder, or by scaling 
Off from the painting; thus pointing to the fact that their destruction was not owing to 
tar accidental defect in the manner of their application, but to bo mo radical unsuit¬ 
ability arising from the chemical conditions of the process. 

In Seim's process regard is paid in the first instance to the ground upon which the 
printing Is to be executed. A careful study of the best examples of the fresco paintings 
of former times, convinced him that the painting ground was a feature of supremo 
importance* The wall to be treated must contain no damp or decaying stones or bricks, 
and the latter must have been sufficiently baked, otherwise they will develop an 
riBoreaenee most injurious to the process. If the wall be already covered with stucco 
or mortar, this will serve as the first ground, provided it be in a thoroughly sound and dry 
couditicn, and it will then be sufficient to clean and level it before applying tho second, 
or painting ground. If not, the stucco must be cleared off, the bricks laid hare, and 
Lbe mortar between the bricks picked cut to a depth of about f in. 

This more thorough preparation is always preferable in a work of greater importance, 
or where special pains tire advisable to secure durability, as, for instance, when under¬ 
taking the exterior decoration of a building. Upon this surface a thin squirting is cast, 
composed of the following mortar ^coarse quartz sand* infusorial earth, and powdered 
marble, mixed in certain proportions. Of this mixture 4 parts are taken to 1 of quick¬ 
lime, slaked with distilled water. Upon ibis squir ting-cast, the object of which is to 
secure adhesion to the surface of the wall, follows mortar of ordinary consistency, com¬ 
posed of the same ingredients, to fill up all inequalities and produce a smooth, surface, 
and upon this again, the second or painting ground is applied* 

The painting ground Is composed of the finest white quartz sand, marble rand, 
artificially prepared, and free from dust, marble meal, and calcined fossil meal (infusorial 
earth )i The mml composed of these materials, carefully mixed in the proper proportions, 
if mixed with quicklime slaked with distilled water, in the proportion of 8 parts sand to 
1 of slaked lime. This mortar is applied to (he wall ns thin as possible, not exceeding 
| to | In. in depth. 

For work executed on the exterior of buildings, Kdm recommends the 
of pumice sand, in addition to the other ingredients of the mortar, wiW.Ni. 
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n stucco of this composition, th© ’wall presents so hard a surface as to admit of sparb 
being ft rock From it with a steel. It is absolutely essentia! that throughout the work, 
only distilled op Altered rain-water be employed. The reason for this is to obviate *dj 
possibility of the water containing lime, as that would affect the solution employed for 
fixing so as io impair the effect of the painting. 

In this process Keirn not only is careful to follow the best examples of antiquity in 
the manner in which the stucco is laid on the wall, but he has adopted the use of b 
mortar composed of carefully selected materials, in preference to that of an ordimny 
kind, such ns was employed in the stereo-chrome process. The object of this u In 
attain a far higher degree of durability. The nature of the sand selected for tin* 
purpose is eminently calculated to ensure this. Marble sand, such us be employ! 
(calcium carbonate in crystalline form), has been proved by experiment to add very 
greatly to the firmness of the mortar, containing many advantages above quarts and, 
such ns greater porosity for the absorption of the column and fixing liquid, Ac. Anus* 
the infusorial earth mixed with it (a form of silica) haa a double effect in consolidating 
the muss. First, it acts mechanically, cementing and binding together, with the lime, 
the coarser particles. Secondly, it forms, to some extent, with the lime, a cuK'om 
silica to, such as afterwards results from the addition of the water-glass. The pteaeftaa 
of this silicate within the mortar adds, in a very high degree, to its hardness and power 
of resistance to chemical and mechanical influences. 

When tho mortar is perfectly dry, down to tho stone or brick of the wall, it is treated 
to a solution of bydrodiuo-sUtcio acid, to remove tho thin crust of crystal lie lime car* 
bonatu which has formed on the surface, and thus to open the pores. It is then tmk>4 
with 2 applications of potash water-glass (potassium silicate) diluted with distiM 
water, and when dry, the ground will bo found hard, bat perfectly absorbent, and rtadf 
for painting. 

The surface layer of mortar, or painting ground, can be prepared in various depm 
of coarseness of grain to suit the artist’s requirements. The more smooth and polidad, 
however, the surface is made, tho greater are tho difficulties in the subsequent prau*3 4 
fixing, owing to tho absorbent qualities of such a ground being necessarily leas perfect 
Tho ground can also be prepared in any tint or colour that may bo desired, and eon 
applied to Any suitable substance, if needed for a removable decoration, Stone, lU. 
slate, wire-gauze, glass, and canvas form efficient substitutes for the wall in such car v 
If applied to canvas, it can in this form bo fixed to wood panda, millboard, ceilings 4a, 
and admits of being rolled with perfect safety. The advantage of this to the artist h 
sufficiently obvious. If a ceiling, for instance, has to be decorated by this proems, it 
can be painted with tho same convenience as an ordinary picture in tho studio. After 
it is fixed, it can be rolled up, taken to its destination and fastened on to the orilrnf. 
either temporarily or permanently, at the cost of very little expenditure of thus or 
labour. Similarly (unless it were permanently fastened up), tho ceiling would admit rf 
being removed for the purpose of being cleaned. 

As to the colours used in this process. Certain pigments only are admi*ibh\ in 
order to ensure permanence, and regard must bo had to the purity of these, and hi tktr 
absolute freedom from adulteration. All the colours found available for the rtcra* 
chrumo process can be employed; these are, for the most part, composed of natural 
earths or metallic oxides, since experience bus proved that the most permanent colour* 
arc those derived from such sources. In their preparation, due account has been talus 
of the well-known law in optics, which teaches that colour does not lie in the subedamv* 
themselves;, but in tho rays of light, which are divided, reflected, or absorbed by th» 
substances in such a manner as to produce the effect of colour upon the eye. Substances, 
therefore, which readily undergo change, whether by reason of their affinity tit iihtf 
tfuhfdances with which they are brought into contact, or by the action of the light itsvlC 
which often causes molecular change, wmA, viUeutxei w&A\eheLUg takes place, km of 
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fy their original colour, since under their altered conditions they absorb or reflect 
of light in a different manner* 

ia clearly then of the greatest importance that each pigment should remain 
'ally unu fleeted by the substance of the painting ground on which it is laid, and 
u» substance of any other pigment employed, as well as by that of the material 
for fixing them. To meet this end, the colours in this process are treated before- 
with alkaline solutions (of potash or ammonia}* to anticipate any change of hue 
h might result from the use of the alkaline liquids which form the fixative. In 
n to this* they are further prepared with certain other substances, such as zinc 
baryta carbonate, felspar, powdered glass, &&, as required by the peculiar 
iem of each, in order to obviate any other danger of chemical change taking place, 
j colours found available present a very full scale. They are AS in number, and 
are secure! other colours which could be added if required. They consist, speaking 
neitl terms, of 4 varieties of white, 6 of ochre, 2 of sienna, 10 of red, 2 of brow n 
; 2 of Naples yellow, 2 of ultramarine, 5 of green, 3 of black, and cobalt blue* 
ium will shortly bo added to them. The whites arc, perhaps, in unnecessary 
Zinc white, for its opaque qualities, and baryta white for purposes where 
. opacity is not dednble, would bo probably found quite enough in practice, 
me white is especially valuable in this process, forming a silicuto in combination 
the fixing solution, and thus adding greatly to the hardness and durability of any 
with which it is mixed. 

white is useful for giving a lighter tone to colours without greatly detracting 
their transparent qualities, and is on this account useful in glazing, where zinc 
would be too opaque* 

ml* are chiefly oxides* The chmme is a lead sub-chromate* This colour is 
Ami u dry powder instead of in a moist paste, ns in the case of the others. The 
m fnr this lies in the fact that the colour depends on the size of the crystals, which 
d bu destroyed by further grinding, with the result oF the pigmenls assuming nn 
e hoe. li will therefore only admit of being mixed with water by the menus of 
rush. 


The lake is only suitable for inferior decoration, and has been prepared by Keim, 
r pr>U for artUts who found themselves unable to forego its use* Me does not 
■antee its permanence if exposed to weather in the open air. He has projjosetl an 
marine red as an efficient substitute* 

Phe colour named menntf is i lead oxide. 

*he und>er is mi iron and manganese oxide, combined with silica, 

he Naples yellow is n compound of b nd oxide and antimony, or lead utiimoiu&te, 

he ultramarine is artificial, and consists of silica, alumina, and sodium sulphate* 

lit. or dull t blue is cobalt protoxide, eomjxvu ruled with alumina* 

ho cot Gilt green is cobalt protoxide, in combination with zinc oxide* 

h* green earth consists ehielly of silicic iron protoxide. It also contains magnesia 

aia T u nd potndi. 

be chroma oxide green is chromium oxy-hydrate. 

\ > r no jhirt of his process has Heim expended more labour and thought than in the 
tmtion of the colours* From the various nature of the prope rties possessed by some 
* pigments, it was found that iheir capacity for absorbing the alkaline silicate with 
i they were fixed varied very greatly. There was also a marked difference in the 
't ui mechanical cohesive capacity which they respectively possessed* To equalize 
in these respect*, without which iho fixing would have been a work of great 
ultj and uncertainty, alumina, magnesia, and silica hydrate were added as re- 
d. The result is, tlrnt all the colours are equally acted upon by the fixing solution, 
11 attain an equal degree of durability after fixing, both os regard* the 
liMituoal action of this ]tweens upon them* 
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It !a significant of the success which lias attended Heim's thorough spjTiv-cialiojj of 
the requirements of the pigments, that his labours in this direction have ao perfectly 
adapted thorn to the chemical condition of the ground as to show that, to m Tory ippff- 
oiahie extent, fixation will be found to have already taken place before eteu the 
application of the solution employed for that purpose. 

In 1ST8, a large mural painting was executed by this process on the exterior of CM 
parish church at Eieholberg, near Regensburg. Before its completion, and tbcdbfi 
before any of the fixing solution had been applied to it, it was drenched by a heavy 
storm of rain. Contrary to anticipation, it was found that the painting, so far frro 
being in any degree washed away, bad held perfectly firm, and even in »»roe plww 
seemed to be as hard as if already fixed. Kcim’s explanation of this unexpected lesolt. 
which he subsequently confirmed by experiments, was, that a chemical cohesion bd 
already taken place by the action of the alkali set free in the mortar upon the Bihrmt** 
in the pigments. 

Again, when it was determined to execute the mural paintings in the Fmoci*vii 
Monastery, at Lechfeld, in 1879, it was desired to wash off n painting executed in tin 
process a year previously, which had never been fixed. Neither water, nor evto * 
tolerably strong solution of acetic acid, had the slightest effect upon it* 

So far from approaching in any degree the difficulties or inconveniences poseesvd to 
a greater or smaller extent by fresco-painting, or any of its more modem substitute, dm 
process is even far pleasanter and easier to work in than oils or watercolours. E'WJ 'i 
variety of treatment is possible, and it adapts itself to any individual stylo of pain le t 
It presents perfect facility for transparent glazing as a water-colour: and for painting i* , 


body colour it even surpasses the capabilities of oil colours in Its power of opaqsi 



darken over them, as they lira apt to do in oils, but keep their full value perfectly | 
Retouching and correction can be effected with the greatest ease, and to an aimed & 
limited extent The system admits also of great economy. To begin with, the pi&mcali < 
are by no means expensive, in spite of the labour expended an their preparation, af»la 
very sparing me of them is sufficient to meet nil possible requirement* in painting, a iv i 
less amount requiring to bo expended than in other processes. This is due mainly * j 
their being ground so exceedingly fine, bo that they need only be very thinly Uhl <*;! 
in fact, this consideration has always to be borne in mind, that the thinner the coat ti j 
painting is, the greater the degree of security that can be attained by the fixing. 
over, them need be no waste of pigment at the end of the day's work, as in oil*. TV 
palettes employed for the process arc constructed with small pans to hold the pigmenU 
If any paint remains after the work is finished, it can either be replaced in the botdr,« 
it can be kept moist in the pan with distilled water for the next day's work. Ev<a 1ft 
considerable amount of the pigment should by inadvertence have been allowed to heresa 
dry, all that need be dene is to grind it up again with a little distilled water, b tub 
involving no labour. The process has the further recommendation of great cleanliw. 
distilled water being the only medium used in painting. The porous nature of Us 
ground, and its peculiar texture, have had great fascination for those who have junk 
practical acquaintance with the working of it. 

The last stage in the process is the work of fixing. In the stereo-chrome proccaitb 
fixing medium employed won potash silicate, thoroughly saturated with tdliea, in awr 
lunation with sufficient aodic silicate to prevent it from opalescing. The chief defect J 
this lay in the fact that it was often apt to produce spots upon the painting. JLeun im 
substituted potash silicate treated with caustic ammonia and caustic polash. The netko 
of the carbonic acid in the atmosphere and in the water during the process, leads to tbs 
formation of oar bona ted alkali, which makes its way to the surface, and would farm, 
when dry, a whitish film over the ^aiwVvag. Tc tfc-svat* this danger, as well M to 
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Bpeniite the proeeae of converting the potash ailicato with the basic oxiJes existing in 
ihe substance of the painting iuto silicate* the fixing solution is treated further with 
ammonia carbonate. The effect of this upon pola&U silicate is that silica is precipi¬ 
tated in a fine gelatinous form, and ammonia set free. This latter volatilizes, and potash 
carbonate is formed,, which is easily removed by washing after the completion of the 
fixmg* 

Having regard to the value of heat in accelerating the action of chemical processes, 
the filing eolation is employed hot, with the advantage of obtaining a quicker and more 
perfect formation of silicate than was possible in the stereo-chrome process, where the 
tolu tie a was applied cold. 

The effect of the fixing is not vary difficult to understand. It hos been already 
pointed oat, in speaking of the pigments, that the result of their being treated with 
certain substances is to effect the formation of silicate, both in the constituent parts of 
thi pigments themselves, as well as of those in combi nation with the painting-ground. 
The additional presence of the fixing solution intensifies this process to the greatest 
extent- The free alkali of the solution acts upon certain of the substances which have 
han added to the pigments—such as zinc oxide, alumina hydrate, and silica hydrate— 
it first by dissolving them. By the action of the carbonic acid in the atmosphere, these 
•elutions are again decomposed by parting with the hydrates, which, through this pro- 
m arc converted iuto silicates. The pure colours are enclosed in these silicates; 
•hsnevtr that is, the pigments themselves do not take part iu the formation of 
alte-ate- 

The hardening process of mortar has been described—in sjjeakmg of fresco-painting 
—to be due to the formation of a cruui of lime carbonate upon the surface. The action 
d the fixing solution in Eetm’i process, when applied before and after tbe painting, is 
Is funu. in addition, a calcium silicate with the particles of lime, tho presence of which 
within the mortar increases beyond comparison the hardness and durability of the whole ; 
calcium silicate, no less than lime carbonate, being, as is well known, a constituent of 
•ume of tho hardest marbles. 

Briefly described, then, the effect of tho fixative as it sinks into tho ground, which 
has already absorbed the pigments, is to convert the painting into a veritable casting, 
uniting with colours and ground in one hard homogeneous mass of artificial stone, 
partaking of the nature of marble in its power of resistance to mechanical disturbance, 
partaking of the nature of gloss iu tho impervious front it presents to the chemical 
action of tbe atmosphere. 

The finished painting has proved itself absolutely impervious to all tests. It will 
admit of any acid, even in a concentrated form, bring poured over it (save, of course, 
hydrofluoric acid). Caustic potash, also, has no effect upon it; indeed nothing can be 
employed with greater ail vantage than this for cleansing the painting when Its condition 
requires that process* Soap and water may he applied with a bard brush, as vigorously 
u desired. The surface Is so ban! as to present a perfect resistance if scratched with 
the finger-nail. Tbe hardness and durability of lire finished painting have been sub¬ 
jects to very severe trials abroad* It has defied the elements In very bud climates, 
having been exposed to the weather on the exterior of buildings for some years. In 
Munich a specimen of the process was subjected to incessant tests for 2 years, and, at 
tbe end, was as fresh and uninjured as at tbe beginning* 

Graining*—This branch of the painter’s art consists in imitating the grain, knots, 
Jce.,of different woods. The following is aa outline of the process. If there are any 
knot* or sappy places in the article, they should be covered with one or two coats of glue 
•bee* or parchment size, to prevent them showing through. The work is then ready for 
thr point, three different shades being necessary* These are called the ground colour, 
tbe stippling colour, and the graining or oil colour, and they are laid Vu \W m&ui 
named- An Infinite number of combinations of colours id poiakb\% M&ft 
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of various colouring pigments in the different coats, and no two grainen agrew tti y 
the precis© proportion of the ingredients to bo used in imitating different woods; tbo 
learner can Yury the pro j>ort Iona to suit bb taste, m experience dictates, and to suit Uir 
work in hand. The ground colour is used to represent the lightest port of the grain wf 
the wood, the stippling colour the intermediate shades, and the graining colour Use 
darkest parts; a close study of natural woods will, therefore, be necea&iry to detenu r* 
the colour and depth of each. Tile proper ground being selected* apply one or mm 
coats—as many as are necessary to thoroughly cover the surface* As sewn as the ground 
colour is bard, the stippling coat may he applied. This is prepared "by mixing the dry 
pigments without oil, with either very thin gum-water, stale beer, or vinegar eoetaioitig 
a small portion of dissolved tiah-gluo. Thu pigments to he used are usually atatit iW 
same as those used tor the ground colour, but of different proportions to produce a de* [»-t 
shade* Apply the stippling colour, and before it dries beat it softly with the sick rf 
the stippter, the long elastic hairs of which, disturbing the surface of the laid coat* mow 
tho lighter coat beneath to become indistinctly visible, nud produce the effect nf tW 
pores of wood. Next apply the graining colour ; ns soon us it b laid, take live ruLW 
and with it wipe out the larger veins to be shown, after each stroke wiping tb« jwiaI 
from the rubber with a cloth, held in the other hand, for that purpose. Some grain*! | 
use a small sponge for veining, and ethers a small piece of doth over the thumb, bat tk 
rubber is probably the most convenient- When the veins huve been put in, to ianU^ 
os closely as possible the markings of natural wood, the various steel combs are braes-4 
into use, and the edges of the veins, and sometimes other portions of the work, cookd 
with them, to soften tho abrupt transition from the dark io the lighter shades. Tat 
blender is also now brought into use, and wherever tho work may require it, the ados* 
arc still more softened and blended by its soft hairs. When too much colour has bfl 
removed in vemiog, or when a certain figure, eucli as a knot, is required, the work l* 
touched up with a fine bru^h, and again softened with the blender* When dry a eat 
of transparent varnish should be applied, having considerable oil to render it tlunM«, 
us grained work is frequently washed, Ready-made graining colour* are recomnuialrd 
ns beat stud cheapest. 

Colours*— In ground colours the essential condition is to have them light e^nta^h; 
the same tint will do for asli, chestnut, maple, light oak and satin wood, but a deeps 
tone is needed for black walnut The most important point is to have the gimtul 
smooth and uniform. Graining colours should be chosen frum the very best qtaddi** i 
of umber, sienna, and Vandyke brown, according to the demands of the Wt#rk. 

Toole —‘ The implement# employed by the graiuer comprise, iu addition to ti* 
ordinary painters* tools (a dusting brush and 2 or 8 flat fitches) for applying the gisiuitit 
colours to tho groundwork, a badger-hair blending brush or softener, a set of iomf* 
Dvergraining brushes suited for maple and oak, and a camela'-hair cutting brush * * 
maple. You may add a large ration mg, a sponge, a lining tool, a vciuing horn, »*l 
combing and graining rollers. The combs may l>e of steel or leather* A act of •kul * 
combs contains 3 of each si W — 1-in, wide, 2-in., 3-in*, and 4-im, of fine, medium, nal 
coarse teeth, A cloth put round a steel comb is often substituted for a leather crunk 
Styles of Chaining. —The various styles of graining differ according to Hie hid 
of wood which it is intended to imitate. These may be considered in alphabetic otde^ 
premising that as oak is the wood most commonly copied, the fullest detail# 
bo found under that head. 

Adi ,—Ash graining differs from light oak almost solely in the absence of ti* 
dapples found in the commoner wood. The ground colour is prepared in the ttmmv 
and the fame system of combing and wiping is followed. Excellent aab-guuunf 
colour can generally be purchased to greater advantage than it can be made up. 

Chestnut , — It is difficult to get the ground colour far chestnut sufficiently yeffo*: 
thu teat composition is whitedead, The gr.uiuu£ 
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colour U composed of burnt umber with small quantities of burnt sienna and Vandyke 
blown, The operations followed resemble those with oak, a coarse comb being need. 

Mahogany .—This wood demands a bright ground colour, which may be obtained by 
using deep orange chrome yellow and tovuI red, or vermilion, or orange mineral. Burnt 
irktmii with a little Vandyke brown constitute tho graining colour- The style of grain 
tariea. Generally in panels ** erotchmg 11 is resorted to H The cutter is used to take 
out the lights; and the fine lines are put in with the overgminer, used almost in its 
normal condition, without being broken up into teeth, the lines running in a wavy 
pattern across the panel, like an inverted letter V* On the stiles and rails of the door, 
Vbti Mender is drawn over the fresh graining colour in a series of jerky strokes 3 or 4 in, 
king* When the first distemper colour is dry, a very thin coat of u quick rubbing* 
T*rai»h is put on; this should bo dry in n tiny or so, when a glazing colour of the same 
aaro position as the original graining coat lm rubbed in, and stippled with the blender. A 
finishing coat of hard-drying cooeh-body varnish is flowed on with a thick badger brush, 

Moplf . —This is imitated in water-colours or distemper on a very smooth ground, 
using a white containing the smallest possible addition of raw sienna for the ground 
eulour, and raw sienna mixed with tv little Vandyke brown and burnt sienna for the 
graining colour. Fine sandpaper is employed for smoothing tho ground, and the 
graining colour if applied in very small quantity to u patch aLa time. The best way 
of liking put the lights is by means of tho cutter already mentioned, drawn lengthwise 
out tho work; blending follows in a crosswise direction. The overgrain colour is 
applied by a piped tool in which the pencils are separated, this being drawn longi¬ 
tudinally in an undulating manner. Putting in the birds’ eyes may be done by patting 
tin. wet work with the finger-tips, or by a piece of cloth rolled into a point, 

fiat, Kjtt—Tlifl best ground colour is white-lead tinted with raw sienna or golden 
ochre. This U preserved in a covered vessel, and sufficient only token out to cover the 
area immediately wanted. This need be but a very a mall quantity; it is thinned before 
u* by adding oil and turpentine and just enough boiled oil to delay the drying, so that 
tlic glazing coat cun he applied on the following day. To hasten the drying, a little 
Japan size or drier L§ added. Instead of completing small sections of work, it is better 
to prepare n large surface with ground colour, so that it may commence to set before 
11 wiping out” This wiping out must precede the combing on veins and aap-wood, but 
fallow it on dapples. 

The complete mode of procedure for light o«k graining a panel door is us follows. 
Apply the ground colour ; when dry, smooth the surface with fine sandpaper. Bub in 
the graining colour uniformly with a medium stiff tosh-brush; and stipple the bead#, 
corners* and mouldings with a dry brush. Commence on the panda, and make opposite 
ones correspond; wipe out iu streaks lengthwise with a cotton cloth, and then go over 
with combo of progre ssive fineness* Take out the lights to show the dapples, either by 
the vetoing horn or by a cotton cloth wrapped around the thumb, Next cotub the 
fnoablings plainly. The most work is usually put on the rails ami stiles; begin with 
the middle stiles, and finish them before proceeding to IIjo rails, which may be done all 
together, Gu the sap-wood or veined work, ueo the coarse comb as much ns possible* 
and the wiping rag as little, remembering that here the wiping out precedes tho 
combing. Allow the work to dry, rub down slightly with fine worn sandpaper, and 
apply the glaring coat. This is best ground up in water* the colours being a combina¬ 
tion of raw and burnt sienna and Vandyke brown, mixed very thin, and used iu very 
mud) quantity. 

The tone may be varied to correct the appearance of the undercoat; and us som> 
purb- of the work will require it thinner than others, it is well to have the colour on a 
puli tie* and thin it to requirements by wetting the brash. Bub in tho gluing colour 
with a it iff brush, and remove any streaks by softening with u VAelvAet, 
only one panel at a time, or the gluing wili dry ahead of you. Put m \gm3x 
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with an GVergruiuer dipped into thin colour and then parted into a series of pencil* b; 
passing a comb through it; draw it lengthwise with a light hand* and soften down 
the result with a blender. Remember that the panels should he the lightest coloured 
portion of the door, and the raoulcliagii the darkest, while the rails and stiles occupy u 
intermediate place in this respect. 

To grain tight work in distemper, which is not often done, proceed as fellows. Lay 
on a coot of size and whiting; then a ground colour consisting of white-lead and goMoa 
ochre mixed with line boiled oil; wheu this has dried, say in 2 days, add the gmiojag 
colour, consisting of raw and burnt sienna and Vandyke brown, ground in water, sod 
mixed with the same quantity of smooth Sour paste ; thin this down with water, 
it on, and comb one portion end have the other stippled by the whitewash brush toaflbrd 
contrast; when all is dry, apply a heavy flowing coat of elastic varnish. 

Oak . dark-—This differs from light out graining *mly in the colours. The grcuaiid 
colour may be composed of white-lead, royal red, and golden ochre or clirome oran^ 
The graining colour has the same constituents as for light oak, only in other proportions 
Uoitivood ,— For rosewood graining* the ground is rubbed in with crimson tomllk* 
then smoothed, and glazed with a coat of crimson lake or rose pink before putting in Ik 
grain. This is done with best ivory bhick, which can bo bought ground in quid* 
drying vehicles, and needs letting down with raw linseed-oil. The graining coot ti 
blended with the badger-hair pencil as fust as it is laid on. When quite dry, a v< iy 
thin glazing coat of black is added. 

SatimcaotL —This is grained in distemper, using the same ground and grsinirg 
colours as for bird’s-eye maple, taking out the lights with a cutter, and putting oa tk 
mrygiiiB as in mahogany* 

Walnut —The ground colour may consist of white-lead, golden ochre* black, sal 
royal red, without fear of making it too bright. The graining colour should be preo lid 
by a coat of deep black and Vandyke brown ground In water; and before it ha? 
this is stippled by dabbing with a dry bristle brush. On this is laid the walnut 01 T 
graining colour* procurable at the shops, previously thinned with turpentine and bftflrJ 
oil. When the graining coat has partially set, the veins aod figures are pot in, pirfrr 
ably with a fine hair pencil, and softened with Ihe blender. This last having dri*4 
say in a day or two, a glazing coat of deep black and Vandyke brown is put on awl 
finished ns in light oak* 

Hint#.-— 1 To prevent a graining coat from H cissing T> at a water-colour overgraiaiai 
coat, that is repelling the water by antagonism of the oil, rub the grain with a «pttfi 
dipped into a thin paste of fuller's earth or whiting, which will prepare *au ahmfW 
surface for the water colour. 

The two kinds of graining, distinguished as distemper graining and oil graining 
differ in the following respects. In distemper graining, the older branch of tin *iV 
the colours are thinned with stale beer* size, &c., and the varnishing coat can be *d3ci 
quickly: it is bait adapted to hard dose-grained woods* In oil graining, the ©okwia 
irv thinned with raw nr boiled linseed-oil, turpentine* Ac*, and are bettor suited to th# 
frit caurae-gmioed woods. 

Marbling,'-The decoration of painted surfaces so as to imitate natural nmto 
bean a dose relation to graining in imitation of wood*. It varies according to the fig** 
ti the marble simulated, the principal kinds being as follows. 

ix^dk a*d Gold,—Tbfl ground colour is black, laid on very smooth, and ddUt 
-, i,4 the marble colour will bo composed of *hite, ochre, orange chrome, Indian 
il l ’ v :k_ in varying proportions. The marble colour is rubbed in in disK.'oaacetal 
t ^ ^^tchoi by a large pencil fine irregular lines being added boih com 
* fc=.d cMiing the general di recti*®, An overg raining of dark an 1 light 

| nr » 4 T ,-tjapy the spaces between the flue lines, and a glazing of white touches 
to diTe^op the patehefc ^ 
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Blhcik Ba rrftTfa,—U^o light lead colour as a ground, and put in a son fused mass of 
* lines in black by the aid of a feather; soften with a badger blender, and, when dry, 
axe with thin white of unequal strength* 

Derbyshire 8par. —Use light grey for a ground colour, and glaze it with a thin mixture 
black and Vandyke brown, with a little Indian red at intervals. To simulate the 
Ksib, use a stick with a piece of rag round it, then glaze with the same colours, mid 
ring out the fossils by solid white and edging with flue black. 

Bow*—The ground colour is a bluish lead. Put in streaks of black aud white 

! m oil) alternately by dipping a feather into turpentine aud then into the colour ; 
rith a blender, add a few white touches, and soften again, 
pfiaa green ,—The ground colour is black, Glnzo over this with a very dark green 
us&lau blue and chrome yellow, with a sash tool; on this streak with a lighter 
a a teal her, with a tittle Indian red interspersed, all in one direction; cross this 
rliog streaks of thin white, blend well, allow to dry, glaze with Italian pink and 
p blue, bring up the light streaks with touches of white, and dually blend again. 
The chief varieties are grey and red ( Aberdeen). Rub in the ground 
flight grey for the former, or salmon tint for the latter. The marbling colour* 
thin black for the former, aud black, red, and white for the latter. These colours 
on in dots and splashes, cither by stippling with a course sponge dipped in the 
>r by springing the colour from a short, stiff, broad brush. 
an jasper.— Oil a ground of light green drab ; rub in subcircular patches of a 
of Victoria lake and Indian red ; between these put in, with a feather dipped in 
ne, successive tints of olive green (white, raw sienna, and blue black), and grey 
Prusaiau blue, and ivory black), blending well. The olive and grey tints are 
rith white, and the dark with crimson lake ; and a dual touching up is given 
y thin white on a feather* 

if rwL—On an oiled ground of bluish grey, rub in a mixture of ochre and Indian 
>?@r part of the work with a rich brown made from ivory black and Indian red, 
ter patches of black about by a paper pad dipped into the colour. Repeat (he 
p with light blue and with white ; then wipe out a few irregular lines so as to 
the grey ground colour. Finally, glaze partially with black and Indian rod. 
nit - #,—^Resembles black and gold, the ground being black, the veins white, and 
ee lead colour; the coloured patches are less in size and more numerous, 
ra,—The ground colour is buff, made with ochre. The various marbling tints 
s from the following ingredients:—A mixture of Indian red and ivory black for 
ns, with a few varying shades by the addition of white; a selection of graduated 
to white, Indian red, and Prussian blue. The glaze is made from raw sienna 
he, with a trace of crimson lake si intervals. First put in the buff ground* and 
i pronounced irregular vein across the work of the first marbling colour, applied 
iber dipped in turpentine; lead a few veiulets from the main vein, and put in 
rith the second marbling colour, also on n turpentined feather; soften with a 
blender; on the dry surface rub a little linseed-oil with a silk rag; touch up 
a white tra a feather; soften as before ; add the glaze colour, aud touch up the 
u with ivory black on a pencil. 

antique —Cover an oiled black ground with tiurk green made from chrome 
ad Prussian blue ; add, with a feather, patches of lighter green, with occasionally 
ndian red, interspersed with irregular blotches of black and white; on the dry 
put a green glazing coat of Italian pink aud Antwerp green ; again touch up 

«, and give them a fine black margin. 

XHUfO.—Thera are many cases where an article constructed of wood may he 
Esvcuieutly and suitably finished by staining and polishing than by pointing, 
dice of staining woods is much less common in America and F.n^Vand on 
incut, where workmen f familiar with the different washes, produce 

*1 x 
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delicate tones of colour and shade. Wood is often stained to imitate darker ar d fhv 
varieties, but more legitimately to improve the natural appearance by heighten:^ *tl 
bringing out the original markings, or by giving a definite colour without - ny^rtn*: 
surface and hiding the nature of the material by coats of paint. The best vooi rr 
staining are those of close even texture, os pear and cherry, birch, beech, and 
though iofter and coarser kinds may bo treated with good effect. The wood ihneM to 
dried, and if on even tint is desired, its sni ‘'-ice planed and sandpapered. AH tt# 
atains should, if possible, be applied hot, as they thus penetrate more deeply into lb* 
pores- If the wood is te be varnished, and not subjected to much handling, atnn»t taf 
of the brilliant mordants used in wool and cotton dyeing may be employed in is 
alcoholic solution ; but when thus coloured it baa an unnatural appearance, and n bat 
used on small surfaces only, for inlaying, &c, The ehonized wood, of late y»r» •* 
much in vogue, is in many respects the most unsatisfactory of the stains, as the nannl 
character and markings are completely blotted out, and it shows the least lenid *t 
rubbing, Sometimes, in consequence of the quality of the wood under treatme**, % 
must b« freed from its natural colours by a preliminary bleaching process, lb ta j 
end it is saturated as completely as possible with a clear solution of 17 J ox ehlortd* rf 
lime and 2 ox. soda crystals, in 10J pints water. In this liquid the wood is strejwd it j 
} hour, if it does mi apficar to injure its texture. After this bleaching, it is immexd 1 
in a solution of sulphurous acid to remove all traces of chlorine, and then wastedhi 
pure water. The sulphurous acid, which may cling to the wood in spite of wuhiit 
does not appear to injure it, nor alter the colours which are applied. 

Black*— ( 1 ) Obtained by bailing together blue Brazil-wood, powdered gntUjwH I 
and alum, in rain or river water, until it becomes black. This liquid is then 
through a fine organxine, and the objects painted with a new brush lie fore the decnm 
has cooled, mid this repeated until the wood appears of a fine black colour. It If tbi 
coated with the following liquid A mixture of iron filings, vitriol, and vinegar U himt 
(without boiling), and left a few days to settle. Even if the wood is black enough, «4 I 
for the sake of durability, it must be coated with a solution of alum and nitric acid, nurd 
with a little verdigris: then a decool ion of gall-apples and logwood dyes ts t»d b 
give it a deep black. A decoction may ho made of brown Brazil-wood with alas a 
rain-water, without gall-applee; the wood is left standing iu it for some iteyt 12 * 
moderately Wiirm place, and to it merely iron filings in strong vinegar are added, fid 
both ure boiled with the wood over a gentle fire. For this purpose soft peai-vord 
is chosen, which is preferable to all others for black staining. 

( 2 ) 1 ox. nut-gall broken into small pieces, put into barely 4 pint vinegar, viaA 1 
must be contained in an open vessel; let stand for about | hour; odd 1 hi. »lcd 
filings: the vinegar will then commence effervescing; cover up, but not sn&eirat t 
exclude all air. The solution must then stand for about 2 | hours, wtan it will h 
ready lor use. Apply the solution with a brush or piece of rag to the article, tteu ji 
it remain until dry ; if not black enough, coat it until it is—each time, of court* , friftf 
it remain sufficiently long to dry thoroughly. After the eolation is made, keep it m 
a closely-corked bottle. 

(3) i gal. water, 1 lb. logwood chips, % lb. black copperas, \ Ik extract of logvrsi 
4 Ik indigo blue, 2 ox. lampblack. Put these into on iron pot and boil them *»*? * 
slow fire. When the mixture is cool, strain it through a cloth, add | ns. nut-gall Is 
Is then ready for use. This is a good black for all kinds of cheap work. 

(4) 250 parts of Carape^chy wood, 2000 water, and 30 copper sulphate ; the wad 
fs allowed to stand 24 hours in this liquor, dried in the air, and finally iamunal & . 
iron nitrate liquor at 4° B. 

(5) Boil S| ox. logwood in 70 oz* water and 1 OS. blue stone, and steep the wrvi k J 

24 hours. Take out, expose to the air for a long time, and then steep for 12 been s I 
a beck of iron nitrate it 4° B. It th&k\ack again in logwood fcqw/ j 
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(£} It u customary to employ the clear liquid obtained by treating 2 porta powdered 
5»n» with 15 jiarts nine, and mixing the filtered liquid with n solution of iron proto- 
ulplwtp. Reimana recommends the use of water in the place of wine. 

(?) Aluacwt nay wood can be dyed black by the following means:—Take logwood 
eii i wt euch a* is found in commerce, powder 1 o*. t and boil it in 3J pints water : when 
tl* ntmrt is dissolved, add 1 dr. potash yellow chromate (not tbe bichromate), and 
s citato the whole. The operation is now finished, and the liquid will serve equally 
mil to write with or to stain wood* Its colour is a very fin© dark purple, which becomes 
■ pm a black when applied to the wood, 

(8) For black and gold furniture, procure 1 lb, logwood chips, add 2 qt. water, boil 
1 lour, brush the liquor in hot, when dry give smother coat. Now procure I oz. greet* 
ttppenut dissolve it in warm water, well mix, and brush the solution over tho wood: it 
will bring out a fine black; but the wood should be dried outdoors, nn the black sets 
bUcr* A common stove brush is best. If polish cannot bo used, proceed as follows:— 
Fill up the grain with thick glue— L e. thin glue and lampblack—brushed over the 
pins accessible (not in the carving*); when dry, paper down with fine paper. Now 
pr cure, soy, n gill or French polish, in which mix i oz. best ivory thick, or gas-black 
n U *t, well shake it until quite a thick pasty maw, procure | pint brown hard varnish, 
pmra portion inio a cup, a id enough black polish to make it quite dark, then varnish 
Ebe work; two thin cunts arc better than one thick mil. The first coat may be gla&a- 
fwin'ftri down where aceCasiblo, as it will look better. A coat of glaze over the whole 
gmw ii Loudon finish. N*R—Enough varaLh should bo mixed at once for the job to 
make it all one colour—t. e* good black. (StniUt^r.) 

(9) For table,—Wash the surface of table with liquid ammonia, applied with a piroe of 
ng; the varnish will then peel off like a skin ; afterwards smooth down with fine sand¬ 
piper; Mix | lb. lampblack with 1 qt. hot water, adding a little glue size; rub tins 
vUiti well in : let it dry before sandpapering it; smooth again. Mind you do not work 
through the stain. Afterward* apply the following black varnish with a broad fine 
rarud-hflir brush Mix a small quantity of gas-black with the varnish. If one coat of 
vnmUh is not sufficient, apply u second one after the first is dry. Gas-black can bo 
oiiUiiud by boiling a pot over the gas, letting the pot nearly touch the burner, when a 
fine jet block will form on the bottom, which remove, and mix with the varnish. Copper 
vlx.j fa give the best Mack : it may be collected from barbers 1 warming pots* 

(10) Black-board wash* or ■* liquid —(a) 4 pints 95 per cent, alcohol, 8 uz* 

ihelLic, 12 dr, lampblack, 20 dr, ultramarine blue, 4 oz. powdered rottenstone, 6 or, 
P* * tiered pumice, (b) 1 gab 95 per cent alcohol, 1 lb, si i el lac, 8 oz. best ivory black, 
5 «z. finest flour emery, 4 oz. ultramarine blue. Blake a perfect solution of tbo shellac 
in tho alcohol before adding the other articles* To apply the slating, have the surface 
emooth and perfectly free from grease ; well shake the bottle continuing tho p rep urn- 
tion, and pour out a small quantity only into a dish, and apply it with a new fiat varnish 
brush us rapidly us po&dble* Keep the bottle well corked, and shake it up each tinui 
before pouring out the liquid. (e> Lampblack and flour of ornery mixed with spirit 
varnish. No more lampblack and flour of emery should be used than are sufficient to 
give the required black abrading surface. The thinner the mixture the better. Lamp* 
black should first be ground with a small quantity of spirit varnish or alcohol to free 
:4 From lumps. The oompoeitinn should be applied to the smoothly-planed surface of a 
>«rd with a common paint-brush. Let it become thoroughly dry and hard be fore it 
k used. Rub it down with pumice if too rough, (d) f gal, shellac varnish, 5 ox. 
kmpbfack, 3 ox, powdered iron ore or emery ; if too thick, thin with alcohol* Give 
3 amts of the composition, allowing each to dry before putting on tbe next; the first 
Sit h* of *belUr and lampblack alone, (c) To make I gnl. of the paint for a black¬ 
bird, take 10 ox. pulverized and rifted pumice, fi oz, powdered rottenstone OufitetmsA 
Slim), f lb. good lampblack, and alcohol enough to form with theca ^ 
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which must be well tubbed and ground together* Then dissolve 14 oz, shellac in th§ 
remainder of the gallon of alcohol by digestion and agitation* and finally mix tbit 
varnish and the paste together* It ia applied to the board with a brush, care I* log 
taken to keep the paint well stirred so that the pumice will not settle. Two ooati m 
usually necessary, The first should bo allowed to dry thoroughly before the strand k 
put on, the latter being applied bo as not to disturb or rub off any portion of the (Ini i 
One gallon of this paint will ordinarily furnish 2 coats for 60 aq, yd. of block-kari I 
When the paint is to be put on plash red walls, the wall should be previously awtitt I 
with glue size—1 lb* glue, t gal, water, enough lampblack to colour; put an hot J 
(/) Instead of the alcohol mentioned in b t take a solution of borax in water; diasd* W 
the shellac in this and colour with lampblack, (g) Dilute soda silicate (wittergkrt 
with an equal hulk of water, and add sufficient lampblack to colour it The kjnp- 
black should be ground with water and a little of the silicate before being tddrd tot# 
rest of the liquid. 

(11) 17’5 oz. Brazil-wood and O' 525 ox. alum are boiled for I hour in 2*75 h 
water. The coloured liquor is then filtered from the boiled Brazil-wood, and spitM 
several times boiling hot to the wood to be stained. This will assume & violet colon 
This violet colour can be easily changed into bUek by preparing a solution of i t* 
iron filings, and 1 05 oz. common salt in 17'5 oz, vinegar. The solution is filtered tst 
applied to the wood, which will then acquire a beautiful black colour, 

(12) 8‘75 oz, gall-nuts and 2*2 lb, logwood are boiled in 2*2 lb. rom-wat/r for 
! hour in a copper boiler. The decoction is then filtered through a cloth, and tf>pl*l 
several times while it is still warm to the article of wood to be stained. In tts | _ 
manner a beautiful black will bo obtained. 

(13) This is prepared by dissolving 0*525 oz, logwood extract in 2 - 2 lb. lot vat 
water, and by adding to the logwood solution 0*035 oz, potash chromate. When Uni b 
applied several times to the article to be stained, a dork brown colour will fintw 
obtained. To change this into a deep chrome-block, the solution of iron fill net, 

salt, and vinegar, given under (11) is applied to the wood, and the desired colour will 6* 
produced, 

(14) Several coats of alizarine Ink are applied to the wood, but every coat rum*!* 
thoroughly dry before tho other is put on. When the articles are dry, the 

iron filings, common salt, and vinegar, && given in (11), is applied to the wood, mi*' ( 
very durable black will be obtained. 

(15) According to Herzog, a black stain for wood, giving to it a colour 
ebony, is obtained by treating the wood with two fluids, one after the other. Tki W 
fluid to be used consists of a very concentrated solution of logwood, and to 

this fluid arc added 0‘017 oz. alum. The other fluid is obtained by digwUng is* 
filings in vinegar. After the wood has been dipped in the first hot fluid, it ti allovd 
to dry, and is then treated with the second fluid, several times if necessary. 

(!6) Sponge tho wool with a solution of aniline oh lor hydrate In water, to whirl* 
small quantity of copper chloride is added. Allow it to dry, and go over It with * 
tion of potassium bichromate. Repeat the process 2 or 3 times, and the wood will tab 1 
tine black colour. 

Blue. —(1) Powder a little Prussian blue, and mix to the consistency of paiid riA 
beer; brush it on the wood, and when dry size it With glue dissolved in boding 
apply lukewarm, and let this dry also; then varnish or French polish, 

(2) Indigo solution, or a concentrated hot solution of blue vitriol, followed by 4 ^ 1 
in a solution of washing soda. 

(3) Prepare as for violet, and dye with aniline blue. 

(4) A beautiful blue stain is obtained by gradually stirring 0*52 oz. finely-powk^ 
fndigo into i 2 oz sulphuric acid of 60 per ©out, and bv exposing ibis mixture I* 
hours te a temperature o! TP ¥. CMP QX wa U then poured into lI-l$ + 2 lb 
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ter* And filtered through felt This filtered water is applied several times to the 
* until the desired colour has been obtained. The more the (solution is dilated with 
r f the lighter will be the colour. 

5) 1 *05 02 . finest indigo carmine, dissolved in 8"75 ©Z. water, applied several times 
articles to be stained. A very line blue is in this manner obtained. 
ti> 3*5 az. French verdigris are dissolved in 3'5 oz. urine and 8*75 oz. wine vinegar, 
solution is filtered and applied to tbo article to be stained. Then a solution of 2'1 oz. 
eh carbonate in 3*75 oz. rain-water is prepared, and the article coloured with the 
iign. is brushed over with thia solution until the desired blue colour mokes Its 
ee. 

m Hie newest processes of staining wood blue are those with aniline colours. The 
owing colours may he chosen for the staining liquor :—Bleu de Lyon (reddish blue), 
ci do Inmicre (pure blue)* light blue (greenish blue). These colours are dissolved in 
proportion of 1 part colouring substance to 30 of spirit of wine, and the wood is 
tied with the solution. 

Brwxm* —(1) Various tones may be produced by mordanting with potash chromate, 

:L applying a decoction of fustic, of logwood, or of peach wood, 

(2) Sulphuric acid, more or less diluted according to the intensity of the colour to be 
la applied wiih a brush to the wood, previously cleaned and dried. A lighter 
brown stain is obtained, according to the strength of the acid. When the 

d has acted sufficiently, its further action is arrested by the application of ammonia. 

(3) Tincture of iodine yields a fine brown coloration, which, however, is not permn* 
□t unit its the air is excluded by a thick coating of polish. 

(4) A simple brown wash is $ oz. alkanet root, 1 oz. aloes, I oz. dragons' blood, 
edted in 1 lb. alcohol This is applied after the wool has been washed with aqua 
in, but is, like all the alcoholic washes, not very durable. 

Sbmixiwg^ (1) Boil 1 lb. logwood chips 1 hour in 2 qt. water j brush Ihe hot liquor 
r the work to be stained, lay aside to dry; when dry give another coat, still using it 
L When the second coat is dry, brush the following liquor over the work :*-! oz. green 
ras to 1 qt. hot water, to be used when the copperas is all dissolved. It will bring 
an in tense black when dry. For staining, the work must not be dried by fire, but in 
sunshine, if possible; if not, in a warm room, away from the fire. To polish this 
rk first give a coaling of very thin glue size, and when quite dry paper off very lightly 
No. 0 paper, only just enough to render smooth, but not to remove the black stain, 
i make a rubber of wadding about the size of a walnut, moisten the rubber with 
ch polish, cover the whole tightly with a double linen rag, put one drop of oil on 
surface, and rub the work with a circular motion. Should the rubber stick it 
}uirc4» more polish. Previous to putting the French polish on the wadding pledget, 
ought to be mixed with the best drop black, in the proportion of | oz. drop block to a 
il of French polish. When the work has received one coat, get it aside to dry for about 
hour. After the first coat is laid on and thoroughly dry, it should be partly papered 
with No. 0 paper. This brings the surface even* and at the some time fills up 
» grain. Now give a second coat as before. Allow 24 hours to elapse, again paper off, 
d give ft final coat as before. New coroes 14 spiriting off.'* Great care must be used 
re, or the work wilt bo dull instead of bright. A clean rubber must be made, os 
^vioualy described, but instead of being moistened with polish it must be wetted with 
rils of wine placed in a linen rag screwed into a tight even-surfaced ball, just touched 
the face with a drop of oil, and then rubbed lightly and quickly in circular sweeps all 
;x tbo work from top to bottom. One application of spirits is usually enough if 
lent has been placed on the rubber at the outset, but it is better to use rather too 
tic than too much at a time, as an excess will entirely remove the polish, when the 
rk will have to be polished again. Should this be the ease, a\. wsaA 

as at first It is the heat way in the end. (S milker.) 








438 


Staining—E bonizinjr. 

(2) Lanber dissolves extract of Logwood in boiling water until the solution indicate! 
0° Beautue. 5 pints of the solution is then mixed with 2| pints pyroligneous boa 
mordant of 10°, find A pint noetic ncid of 2 The mixture is heated for J hour* and ii i 
then ready for use, 

(3) To imitate black ebony, first wet the wood with a solution of logwood am J coppeitt, 
boiled together and hud on hot. For this purpose, 2 oz, logwood chips with 1} ut 
copperas,, to I qt. water* will be required. When the work ho* heooone dry, wet ttw 
surface again with a mixture of vinegar and steel filings, This mixture may be raids 
by dissolving 2 oz. steel filings in § pint vinegar. When the work has become <hy 
again, sandpaper down until quite smooth. Then oil and fill in with powdered drr'p- 
black mixed in the filler. Work to be eboolaed should be smooth and free from link* Ac 
The work may receive a light coat of quick-drying varnish* and then bn rublsd *iih 
finely'pulverized pumice and linseed-oil until very smooth. 

(4) 1 gal. strong vinegar* 2 lb. extract of logwood, § lb. green copperas, $ Ik China 
bine, and 2 m. nut-gall. Put these in an iron pot, and boil them over a slow fire till 
they are well dissolved. When cool, the mixture h ready for use, Add to the stunt | 
pint iron rust, which may be obtained by scraping rusty hoops, or preferably by stetpmff 
iron filings in n solution of acetic acid or strong vinegar. 

(5) Common ebony stain is obtained by preparing two baths ; the first, applied warm 
consists of a logwood decoction, to every quart of which 1 dr. alum is added: tin 
second is a solution of iron filings in vinegar. After the wood 1ms dried from the M 
the second is applied as often as is required. For the first-named bath, tome substitute 
16 oz, gall-nut, 4 oz. logwood dust, and 2 oz. verdigris, boiled in a sufficient quantify d 
water. A peculiar method of blackening walnut is in use in Numbtrg. On one of U* 
Fegnitz Islands there is u large grinding-mill, turned by the stream, where iron bt 
are sharpened and polished. The wood is buried for a week nr more in tiw ski* ] 
formed by the wheels; when dug out it is jet black, and so permeated by si lira (<* •# 
in effect petrified. Another way to ubonize flat surfaces of soft work is to mb vert flew 
charcoal dust into the pores with oik This w-orks beautifully with the European link* 
and American white wood. A brown mahogany-like stain is heat used on elm W 
walnut. Take n pint decoction of 2 oz. logwood in which i oz. barium chloride has 
dissolved. This gives also, when diluted with soft water, a good oak stain to u*h 
chestnut. But the most beautiful and lasting of the browns is a concentrated notation d 
potash permanganate (mineral chameleon). This is decomposed by the woody fibre, aU 
forms hydrated manganese oxide, which ia permanently fixed by the alkali 

(6) For the fine black ebony stain, apple, pear, and hazel wood are the best wwdib 
use; when stained black, they ore most complete imitations of the natural ebony, l’ L ' r 
the stain take—gall-apple, 14 oz.; rasped logwood, 3J oz,; vitriol, 1| o&; verdigra | 
U oz. For the second coating a mixture of iron filings (pure), 3J oz., diashUed k 1 
strong wine vinegar; 1| pint is warmed, and when cool the wotxl already b1adt*o<d 

is coated 2 or 3 times with it, allowing it to dry after each coni For article* vlmi 
are to be thoroughly saturated, a mixture of If oz, sal-ammoniac, with a tnffirint 
quantity of steel filings, Is to br placed In a suitable vessel, strong vinegar pmift'd 
upon it, and left for 14 days in a gently-heated oven, A strong lye is now* put tat* t 
suitable potato which is add ^ coarsely-bruised gail-applea and blue Brazil 
and exposed for the same time aa the former to the gentle heat of an oven, which will 
then yield a good liquid. The woods are now* laid In the first-imined stain, boi |r d 
for a few hours, and left in it for 3 days longer; they are then placed in the sre*^ 
stain and treated os iu the first. If the articles aro not then thoroughly adapted, 
they may be once more placed in the first bath, and then in the second* Tin* pofiak I 
used for wood that is stained black should be wbito *' (colourless) polish, to vhirh * 
very littfa finely-ground Prussian blue vuldcd, 

(7) Wash with a concentrated aqiawa *a\uVuQW nl HwA tvVrwA *av**l 
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then with ft solution of iron acetate of H° B„ which la repeated until a deep black is 

produced 

(g) Beech, pear-tree, or holly steeped in a strong liquor of logwood or galls. Let 
the wood dry, and wash over with solution of iron sulphate. Wash with clean water, 
and repeat if colour id not dark enough* Polish either with black or common French 

polish. 

(9) Oak is immersed for 48 hours in a hot saturated solution of alum* and then 
brushed over several times with a logwood decoction prepared as follows:—Boil 1 part 
test logwood with 10 of water, filter through linen, and evaporate at a gentle heat until 
tte volume is reduced one-half. To every quart of this add 10 to 15 drops of a 
saturated solution of indigo, completely neutral. After applying this dye to the wood, 
mb the latter with a saturated and filtered solution of verdigris in hot concentrated 
sortie acid, and repeat the operation until a black of -the desired intensity is obtained. 
Okfc thus stained is said to be a dose os well as handsome imitation of ebony. 

(10) 1 ib. logwood chips, 3 pints water ; boil to 1 pint; apply hot to wood; let dry; 
then give another coat; let dry slowly ; mud paper smoot h ; mix 1 gill vinegar with 3 
tablespoon fa la iron or steel filings ; let stand 5 hours, thru brush on wood; let dry ; then 
give another coal of the first. This sends the vinegar deeper into the wood and makes 
* denser block: after which paper smooth. Then polish with white French polish, as 
tLi- white brings out the black purer than common French polish. The woods observed 
to take m the stain beat are pear-tree, plane-tree, and straight-reeded birch; mahogany 
<4* a not stain nearly so well as the former woods. 

(11) Get 1 lb. of logwood chips and boil them down in enough water to make a good 
dark colour; give the furniture 3 or 4 coats with a sponge; then put some rusty nails or 
old iron into a bottle with some vinegar, and when it begins to work give the furniture a 
coat of the vinegar. This, if you have well darkened it with the first, will give you a 
good black. Oil and polish in the usual way, rubbing down first with fine paper if 
required. A quicker way m to give the wood, a coat of size and lampblack, and then 
lire pus-black iu your polish rubber. 

(12) Make a strong decoction of logwood by boiling 1 lb. in 1 qt, water for about 
1 hour; add thereto a piece of washing soda as large as a hazel-nut. Apply hot to 
the wood with a soft brash. Allow to dry, then paint over the wood with a solution of 
iron sulphate (1 oz. to tho pint of water). Allow this to dry, and repeat the logwood 
feud iron sulphate for at least 3 times, finishing oft* with logwood. Once mere allow to 
dry thoroughly, then sandpaper off very lightly (so as not to remove the dye) with 
Ifa. 0 paper. Now make a very thin glue size, boil in it a few chips of logwood and 
a crystal or two of iron sulphate, just sufficient to make it inky black. Paint this 
lightly over the work, allow to dry once more, again sandpaper lightly, and finally 
either varnish with good hard white varnish, or polish with French polish and drop 
block. 

Hoorr .—(!) Get the wood clean, have some Vandyke brown and burnt sienna 
ground in water* mix it in strong size, put on with a whitewash or new paint-brush as 
evenly os you can. When dry f give 2 coats of copal or oak varnish. 

(2) If the floor is a new one, have the border well washed. Polish with glass- 
p*p*r t rubbing always with the grain of the wood. Varnish with good oak varnish, 
put colouring matter into the varnish to suit your taste, but umber is best; if tho 
Ilf«ir is old and blackened, paint it. 

(3) If old floors, you will ml make much of staining anything but black. The 
floor i# to ho well washed (lime and soda is best—-DO soap), the dye painted on, and, 
when dry, sized over and varnished with elastic oak varnish. 

(4) Take J lb. logwood chips, boil them briskly for £ hour In about 5 qt. rain-water, 
fend strain through muslin. To this liquor add 6 oz* arm at to (iu the form wf cakfe— 
nut the roll); add a bo 1 lb. of yellow wax cut up in very avuwU \i\ecjta. YWfe 
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over the fire, and let the wax melt gently, stirring it all the white When melted, take 
the mixture off the fire ; do nut let it boil* Then with a paint-brmb lay it on the door 
ns hot aa possible, brushing it always the way of the groin* Next day polish with a 
hard flat brush made of hair, which may have a strap nailed to the back of it in whktt 
to insert the foot. The fluor is afterwards kept bright with beeswax alone, a litik 
of which is melted aud put on the brush* Take care that the floor is thoroughly lit 
before commencing operations, 

(5) Molt some glue size in a bottle; next get a piece of mg, roll it into a ball * 
that it will fit the hand nicely, ©over thin with a bit of old calico to make a 
face; dip this into the size, and rub in a bit of brown timber; then go ahead with juur 
floors, working the stuff light or dark as required. Keep the motion with die grain d 
wood ; when dry, stiffen with polishers' glaze, 

(tl) Take Judson’* dyes of the colour required, mix according to the instroctoof 
given with each bottle, and apply with a piece of rag, previously trying it on a pV<r 
of wood to see if colour would suit; rub with endpaper to get off any roughness tkt 
may be raised with the damp, and varnish with fine pale hard vamUh, then slight!? 
sandpaper and varnish again. Another method is to boil 1 lb, logwood in sti dd 
boiler, then apply with a piece of rag where the slain is required; when Umrougrif 1 
dry, sandpaper as before, and well rub with beeswax to polish. This lust precca looks 
best when flubbed, but it requires a lot of elbow grease for a few months, sad ii 
extremely dumbly. To prevent the sfniu running where you do not want it, pM# 
seme stout paper. 

(7) As a general rule, 1 qt. of the staining liquid will he found sufficient to mist 
about lti Ekj r yd. of flooring; but different kinds of woods absorb in different pro- 
portions, soft woods requiring more for the same space than hard woods. The ruUmn 
of the stains are various, so that one may either choose ebony, walnut, mahogmr^ 
rosewood, satin wood, oak, medium oak, or maple, according to the paleness or depth d j 
colour desired* Besides this, 4 lb. of size and 2} pints of the best varnish are rtquiM 
to finish the 16 yd, above me aliened. The necessary purchases arc completed by * 
good-sized pointers' brush and a smaller one. The work can then be oonmieneed. If 
the wood is uneven, it must be planed, and rubbed down to a smooth surface- whil»l 
the cracks and spaces between the boards, if very wide, may be disposed of by a piott* 
called “slipping,* by which pieces of wood are fitted in. The floor must next bi « 
carefully washed, and allowed to dry thoroughly. The actual staining may na* 1* | 
proceeded with, T he liquid is poured out into a basin, and spread all over the flax 
with the aid of the largo brush, the small one being used to do the corners and tlnif 
the wainscoting, so that it nmy not be smeared. It is always best to begin frhuni"f 
at the furthest comer from the doorway, and so work round so that one’s exit a mf w* 
be impeded. It is also a good plan to work with the window open, if them U m 
danger of much dust flying in, as the staining dries bo much quicker. After the Ac 
is quite covered, the Stainer may rest for about on hour whilst the drying la going <w* 
during which there is only one thing relative to the work in baud which need 1* 
attended to. This is the size, which should bo put in a large basin with J pint of edd 
water to each pound, und then stood in a warm place to dissolve. Before re-cow* 
mooring work also the brushes must be washed, and this is no great trouble, w » 
little lukewarm water will hike out ad trace of the statu aud clean them quite sufflcumtly- 
The sizing is thou laid on in exactly the same manner as tho staining, always Wtig 
careful to pass the brush lengthwise down the boards* If tho mze froths or ttirto 
unpleasantly, it must be a little more diluted with warm water, and sometimes, if th* 
sediment from it is very thick, it is all the better for being strained through a c£*i* 
muslin. The sizing takes rather longer than tho varnish ta dry, 2 or more hours beinf 
necessary, even on a warm, dry day. Not until it is quite dry, however, can the lad 
ihiiMk bo put to the work with the varnish* Foe this it k always safest to get the rtf 
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best. Mid to lay it on rather liberally, though very evenly, nnd over every single inch, 
mm the staiidng will soon rub off when not protected by it. The beat way to ascertain 
whether it is varnished all over is to kneel down and look at the floor sideways, with 
ono*a eyes almost ou a level with it. 

Mordant the wood with red liquor at 1° B. This is prepared by dissolving 
separately in water 1 part sugar of lead and 4 of alum free from iron ; mil the solutions, 
ind then add ^ part of soda crystals, and let settle overnight. The clear liquor is 
deettn ted off from the sediment of bad sulphate, and is then diluted with water till it 
uiark* 1° B. The wood when mordanted is dyed green with berry liquor and Indigo 
extract, the relative proportions of which determine the tone of the green, 

(2) Verdigris dissolved in 4 parts water. 

t3) 4*2 oz. copper, cut up finely, are gradually dissolved in 13 oz. nitric acid (aqua* 
fiirtU), and the articles to be stained are boiled in this solution until they have assumed 
a fine green colour, 

Grttj. —(1) Greys may b© produced by boiling 17 or. orchil paste for £ hour in 
7 pints water* The wood is first treated with this solution, and then, before it is dry, 
eloped in a beck of iron nitrate at 1° B. An excess of iron gives a yellowish tone; 
otherwise a blue grey is produced , which may be completely converted into blue by 

mi'll ns of a little potash. 

(2) I part silver nitrate dissolved in 30 of distilled water; wash over twice; then 
with hydrochloric acid* and afterwards with water of ammonia. The wood is allowed 
to dry in the dark, and then finished in oil and polished, 

.MoAogany.—(1) Boil } lb, madder and 2 oz. logwood chips in 1 gal. water, and 
Brush well over while hot When dry, go over with pearl ash solution, 2 dr. to the quart. 
By using it strong or weak, the colour can be varied at pleasure. 

(2) t?ook 1 lb. stick varnish in 2qt water until all the colour is dissolved out; strain 
off the water, and add to the residue 23 dr. powder® I madder, Set the mixture over the 
fire until it is reduced to f of its original volume. Then mix together 25 dr. cochineal,, 
25 dr. kennee berries, 1 pint spirits of wine, and | oz, pewrlnsh, out of which the colour 
has been washed by soaking in a gill of soft water. Add tide mixture to ike decoction 
of tumbler and varnish, aiming well together, and adding so much aquafortis as will 
bring the red to the desired shade, 

(3) Dark Mahogany.—Introduce into a bottle 15 gr, alkaoet root, 30 gr. nloea, SO gr. 
powdered dragons 1 blond, and 500 gr. 95 per cent, alcohol, closing the mouth of the bottle 
with a piece of bladder, keeping it in a warm place for 3 or 4 days, with occasional 
alia king, then filtering the liquid. The wood is first mordanted with nitric acid, and 
when dry wash®! with the stain once or oftener, according to the desired shade; then, 
the wood being dried, it is oiled and polished. 

(4) Light Mahogany,—Same as dark mahogany, but the stain being only applied 
once. The veins of true mahogany may be imitated by the use of iron acetate skilfully 
applied* 

(5) The following process is recommended in Wiederhold'a Trwh Cirimfar :—The 
coarse wood is first coated with a coloured size, which is prepared by thoroughly mixing 
up, in a warm solution, 1 part commercial glue in G of water, u sufficient quantity of 
the commercial mahogany brown, which is in reality nn iron oxide, and in colour 
stands between so-called English red and iron oxide. This is best effected by adding 
iu excess u sufficient quantity of the dry colour with the warm solution of glue, and 
thoroughly mixing the mass by menus of a brush uutil a uniform paste is obtained, in 
which no more dry red particles are seen. A trial coat is then laid upon a piece of 
wood. If it is deaired to give a light mahogany colour to the object, it is only necessary 
to add less, and for a darker colour more, of the brown body-colour. When the coat is 
dry, it may ho tested, by rubbing with the fingers, whether the oqAqut 

or not, iu the former case , more glue must bo added until tliu dry triad cask to* 
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perceptibly ruba off with the hands. Having ascertained in thU way the right wo* 
d it ion of the sizo colour with respect to tint and strength, it is then wiumed alight^ 
mid worked through a hair sieve by means of a brush* After this, it is rubbed up<Q 
tho wood ffUJfaoe with the brush, which has been carefully washed* It is not hbct±*rj 
to keep the colour warm during the painting. Should it become thick by gelatiniiin^ 
it may bo laid on the wood with the brush, and dries more rapidly thnu when the coJ*ir 
is too thin. If the wood is porous and absorbs much colour, a second coal my t* 
laid on the first when dry, which will be sufficient in all cases. On drying, (he Bit 
colour appears dull and unsightly, but the following coat changes immediately tta 
appearance of the surface. This coat is spirit varnish* For its production 3 pert* 
spirits of wine of SO 5 are added in excess io 1 part of red acaroid resin in ona vewst 
and in another 10 parts shellac with 40 of spirits of wine of 80 e . By repeal 
agitation for 3 or 4 days, the spirit dissolves the resin completely* The shellac a>!mhi ** 
is then poured carefully from the sediment, or, better still, film rod through a fine d*A l 
when it may be observed that u slight milky turbidity is no detriment to its us* The 
resin solution is best filtered into the shellac solution by pouring through a fuimri 
loosely packed with wadding, When filtered, the solutions of both resins are niind 
by agitating the vessel and letting the varnish stand a few days. The acaroid 
colours the shellac, and imparts to it at the same time the degree of stippletioa flfciuillf 
obtained by tho Addition of Venetian turpentine or linseed-oil. If the varnish ii ml* 
employed as a coat, the upper layers are poured off at once from the vnel One** »• 
two coats suffice, as a rule, to give the object an exceedingly pleasing effect. The mul* 
dry very quickly, and care must be taken not to apply the second coat until the tint it b 
completely dry. 

(ti) 7*5 oz* madder, 8*75 oz. rasped )'ellow wood, are boiled for 1 hour in 5*5Ik 
water, and the boiling liquor is applied to the articles until the desired colour Iim lictf ' * 
produced* 

(7) 1 -05 oz. powdered turmeric, 1*05 oz* powdered dragons* blood, are digvtkd is 
8 >75 oz. of 80 percent, strong alcohol, and when the latter seems to be thoroughly 
coloured 11 ia filtered through a cloth, Tho filtrate is heated and applied warn tn tlw i 
article* 

(8) 17*5 oz, madder, 8*75 oz. ground logwood, are boiled for 1 hour in 5*5 lb, wh* 
This is filtered while still warm, and the warm liquor is applied to the wood. Wl#» 
this has become dry, and it is desired to produce a darker mahogany colour* n taituth* 
of 0*525 oz* potash carbonate in 4*4 Ik water is applied to tho wood* This solution a 
prepared cold, and filtered through blotting-paper. 

(9) 0*35 oz. aniline is dissolved in 8-75 oz. spirits of wine 90 per cent* strong. Tkti 
another solution of O’ 35 oz. aniline yellow in 17*5oz. spirits of wine 90 per cenkitron^k 
made, and this is added to the aniline solution until the required reddish-ye!low roW 
is obtained. By adding a tittles of a solution of aniline brown (0*35 oz* aniline lijmsa 
in 10*5 oz* spirits of wine 00 per cent, strong), tho colour is still more oocnptohb 
bauntmhedi and a tint very closely resembling raahoguny can be given to elm mad disc} 
wood with this mixture. 

(10) 0*7 oz. logwood is boiled in 3*5 oz* water down to about This is tka 
filtered, utid 0*12 oz. baryta chloride is dissolved in it 

Oak .—(1) Mix powdered ochre, Venetian red, and umber, in size, in proportions to j 
suit; or a richer stain may be made with raw sienno, burnt sienna, and vandyka *4 
light yellow stain of raw sienna alone is very effective. 

(2) Darkening Oak*—Lay on liquid ammonia with a mg or brush* The trim 
deepens immediately, and does not fade; this being on artificial production of U* 
process which is induced naturally by ago* Bo lash bichromate, dissolved in eaW 
and applied in a like manner, will produce a very similar result* 

(3) In Germany, the eubincVinakura Mmaxtn tax darkening oak. T& 
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,ke il very dark: iron filings with a little sulphuric add and water, put on with n 
Jitge, imd allowed to dry between each application until the right hue is reached. 

(4) White wash with fresh lime, and when dry brush off the Juno with n hard brush, 
d tire** well with linseed-oil. It should be done after the wood ban been worked, and 
will make not only the wood, but the carving or moulding, look old also, 

(5> UM ft strong solution of common washing-soda, say one or two coats, until tho 
colour u obtained. Or yon may try potash carbonate. Paper and fltdsh off 
ilh Im&eed-oil. 

(6) A decoction of green walnut-shells will bring now oak to any shade, or nearly 

(7) A good method of producing the peculiar olive brown of old oak is by fumigation 
it h liquid ammonia; the method has many advantages beyond the expense of making 
case or room air-tight and the price of the ammonia. It does nut raise tho grain, the 
mo-k keeping aa smooth as at first. Any tint, or rattier, depth of the colour can be given 
rith certainty; and the darker shade of colour will be found to have penetrated to the 
cpih of a veneer, and much further where the end grain in exposed, thus doing away 
ith the chance of an accidental knock showing the white wood. The colouring is very 
*eu and pure, not destroying the transparency of the wood* It is advisable to make 
i*i furniture from one kind of stuff, not to mix English oak with Riga, and so on. 
'bey both take the colour well, but there is a kind of American red oak that docs not 
tiswer well* In nil cases can? must bo taken to have no glue or grease on the work, 
rhkdi would cause white spots to be left. The deni portions of the work are not 
fleeted in the least, neither docs it affect tho sap of oak. The beat kind of polish 
ir furniture treated in this manner is wax polish, or the kind known as egg-shell polish, 
lie process of fumigation is very simple* Get it largo packing-case, or better still, 
tile a Motu in a corner of the [tolisbing shop about 9 ft. long, G ft. high, and 3 ft. G in. 
ride ; pass paper over the joints ; let the door dose on to a strip of indmnibber tubing; 
at a pane of glass in the side of box or house to enable yon to examine the progress of 
ojcuring. In putting in your work see that it does not touch anything to hinder the 
tfe course of the fumes. Put 2 or .3 dishes on the floor to bold the ammonia ; about 

pint is sufficient for a case tins size. The ammonia differs in purity, some leaving 
*aro residue than other. Small articles mn be done by simply covering them with a 
loth* having a little spirits in a pot underneath* A good useful colour can be given by 
ftving the things exposed to the fumes overnight. The colour lightens on Whig 
flitted, owing to the transparency thus given to the wood. 

Purple.—(1) Take 1 lb, logwood chips* } gal. water, 4 ox. pearlash, 2 ox. powdered 
kdlgo. Boil the logwood in the water till the full strength is obtained, then add the 
iwrfmh and indigo, and when tho ingredients uro dissolved the mixture is ready for 
je, cither warm or cold. This gives a beautiful purple. 

(2) To slain wood a rich purple or chocolate colour, boil | lb. madder and J lb. fustic 
1 gal. water* and when boiling brush over the work until stained. If the surface of 
ie work should be perfectly smooth, brush over with u weak solution of nitric acid; 
icfi finish with the following: put ox. dragons* blood and 1 oz. soda* both well 
miaed, into 3 pints spirits of wine. Let it stand in a warm place, shake frequently, 
rain and Ly on with » soft brush, repeating until a proper colour is gained. Polish 
ilh lm-?eed*ou or varnish. 

{S> 2*2 lb. rasped logwood, 5*5 lb. rasped Limn red dye wood are boiled for l hour 
5*3 lb* water. It is then filtered through n cloth and applied to the article to be 
ninotl until th desired colour has been obtained. In tho meanwhile a solution of 
175 ox. potash carbonate in 17'5 oz. water 1ms been prepared, and a thin coat of this is 
>pUed to the article stained red. But strict attention must ho paid not to apply too 
drdc a coat of this solution, or else a dark blue colour would 1*? the 
Red* —<1} Thu wood is plungod iim£ in a solution of ! uutA $k. cru 
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water, or else is rubbed with the solution; then magenta is applied in a itafe of 
sufficient dilution to bring out the tone required, AM the aniline colours behave vm 
well on wood. 

(2) For a red stain, a decoction of J lb. logwood and } oz. potash In 1 lh water a 
used as the bath, being filed by a wash of alum water. For scarlet, tree I ox. cochineal, 

6 oz, powdered nrgol, 4 oz. cream tartar, in 12 oz, itti chloride (scarlet spirits). 

(3) Take l qt» alcohol, 3 oz. Brazil-wood. } oz. dragons' blood, } oz. codnntil 
1 oz. saffron. Steep to full strength and strain. It is a beautiful crimson slain U 
violins, work-bos cs, and fancy articles. 

(4) Beside the aniline colours, which are, however, much affected by sunlight 
cochineal gives a very good scarlet red upon wood. Boil 2 oz. cochineal, previcwlj 
reduced to a fine powder, in 35 oz. of water for 3 huura, and apply it to the wf<*L Wtei 
dry, give it a coaling of dilute tin chloride to which is added a little tartaric add—I at 
fin chloride, and | oz. tartaric acid in 35 fl. oz, water, if, instead of water, the ooahiaed 
Is boiled in a decoction of bark (2 oz bark to 35 oz. water), and the tin chloride is 

as above, an intense scarlet and all shades of orange may be produced according to lb 
proportions. 

(5) Take I gal. alcohol. !| lb. camwood* $ lb, red sand era, 1 lb. logwood extract, 2 at 
aquafortis. When dissolved, it is ready for use. It should be applied iu 3 costs cm 
the whole surface. When dry, rub down tea smooth surface, using for the puipaei 
very fine paper. The graining is done with iron rust, and the shading with aaphiltoa 
thinned with spirits of turpentine. When the shading is dry, apply a thin ckU if 
shellac; and when that is dry, rub down with fine paper. The work la then resdj for 
varnishing—a fine rose tint. 

(fi) Mounter recommends steeping the wood for several hours in a bath of 1200 gr. 
potassium iodide to the quart of water, and then immersing it in a hath of 373 # 
corrosive sublimate, when it will assume a beautiful rose-red colour by chemical j*v - 
ci pita lion. It should subsequently bo covered with a glossy varnish. The baths will 
not need renewal for a long time. 

(7) 2'2 lb. finely-powdered Lima red dye wood and 2*1 oz. potash carbonate i»p#t 
in a glass bottle and digested in 5*5 lb. water for 8 days in a warm place; theWtfif 1 
should be frequently shaken. It is then filtered through a cloth; the fluid is heated 
and applied to the article to be stained until the latter acquires a beautiful colour. H 
It is desired to brighten the colour, a solution of 2 - l oz, "alum, free from tew* fc 
2'2 lb. water is applied to the article while It is still wet. 1 be test solution csti t* 
prepared by heat; when it 1ms been accomplished, it ifl filtered. As soon as the stein* 
Lave become dry, they should be rubbed with a rag moistened with linaeed-<xl, ifw 
which the varnish may be applied, 

Satinwood, —Take 1 qt. alcohol, 3 oz. ground turmeric, 1$ oz. powdered ganibn|f* 
When steeped to its full strength, strain through fine muslin. It is then ready lorn* 
Apply with a piece of fine sponge, giving the work 2 coats. When dry, sandpaper dev® 
very fine. It is then ready for polish or varnish, and is a good imitation of wtiiivOtfl 

Violet. —The wood is treated in a hath made up with 4J oz, olive-oil, flip 
weight of soda-ash, and 2J pints boiling water, and It is then dyed with magieats » 
which a corresponding quantity of tin crystals has been added. 

ffafouf.—Deal and other common woods are stained to imitate polished walnut m 
various ways. (1) One method is, after careful rubbing with glasspaper, to go ever fi* 
surface with a preparation of Cease! brown boiled in a lye of soft-soap and soda, Attf 
drying, the surface is rubbed over with pumice and oil, and polished with ibtHfl& 
The Cas&el brown will not take equally well on all kinds of wood, so that if not laid o« 
thick it sometimes comes off under the subsequent pumicing; whilst on the other 
thin same thickness conceals, more or less* the grain on the wood beneath, giving it tin 
ap/jtcamoee of having been painted. 
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(2) Other* use instead a decoction of green wat nutshells, dried and boiled ta the 
oe lye, or in soft water to which soda has been added. The decoction of walnut* 
&lla is apt to ootne off on the clothes aa a yellowish adhesive substance, 

(3) Others, again, employ catechu and potash chromate in equal parts, boiled 
j and afterwards mixed. The mixture of catechu and potash chromate leaves 

brown deposit on the surface of the wood, very unlike real walnut. 

(4) The following is said to be a very superior method fur stain tog any kind of wood 
imitation of walnut, while it is also cheap and simple in its manipulation* The 

previously thoroughly dried and warmed, is coated once or twice with a atnm 
of 1 oz* extract of walnut peel dissolved in 6 oz* s*ft water by heating it to 
and stirring. The wood thus treated, when half dry, is brushed with a solution 
1 (m. potash bichromate in 5 oz. boiling water, and is then allowed to dry thoroughly, 
ad is to be rubbed and polished us usual, lied beech and alder, under this treatment, 
nme a most deceptive resemblance to American walnut. The colour is fixed in the 
jd to a depth of one or two Lines* 

(5) Mix dragons* blood and lampblack in methylated spirits till you get the colour 
uired, and rub it well into the grain of the wood. 

(6) Light Walnut*—Dissolve I part potassium permangan ate in 30 of pure water 
apply twice in succession: after tin interval of 5 minutes, wash with clean water, 

nd when dry, oil and polish. 

(7) Dark Walnut—Same as fur light walnut, but after the washing with water the 
k tods are made more prominent with a solution of iron acetate, 

(8) la the winter season get some privet berries (black), which grow in moat 
dens, and put toz* In J pint solution of liquid ammonia. This, applied to pine, 
rnshed or polished, cannot be detected from real walnut itself. 

(9) Take 1 gal very thin sized shellac ; add 1 lb. dry burnt umber, 1 lb* dry burnt 
sum and f lb. lampblack* Put these articles into a jug and shake frequently until 

icy are mixed* Apply one coat with a broah* When the work is dry, rub down with 
no paper, and apply one ctsat of shellac or cheap varnish. It will then be a good 
of solid walnut, and will be adapted for the back boards of mirror-frames, for 
1 ^* back and inside of casework, and for similar work. 

(JO) Take l got strong vinegar* 1 lb* dry burnt umber, J lb. fine rose pink, } lb. dry 
nt Vandyke brown. Put into a jug and mix well; let the mixture stand one day, 
ad it will then be ready for use. Apply this stain to the sap with a piece of fine 
, it will dry tt» i hour. The whole piece is then ready for the filling process, 
hen the work is completed, the stained part cannot be detected even by those who 
ave performed the job* By means of this recipe, wood of poor quality and mostly of 
can be used with good effect. 

(11) Darkening Walnut.—Slaked lime, 3 to 4 of water, will do for somo kinds of 
ralnut; a weak solution of iron sulphate far others: and yet again for oth^r kinds 

weak solution of pearlash. Try each on the wood, and choose the one you like best. 

(12) To give to walnut a dark colour resembling rosewood, Hlrschberg use s a 
ilution of 0*17 oz. potash bichromate in 1 *05 oz, water. This solution is applied to the 
ralnut with a sponge, and the wed is then pumiced and polished* 

(IS) By a simple staining, furniture of pine or birch wood can bo easily made to 
if it had been veneered with walnut veneer. For this solution of 3,15 ox 
h mangauate, and 3*15 oz. manganese sulphate in 5 25 qt hot water, is made. 
*his solution is applied to the wood with a brush, and must be repeated several times, 
potash manganate is decomposed when it comes in contact with the woody fibre, 
nd thus » beautiful and very durable walnut colour is obtained* If small wooden 
rtieJes are to be stained in this manner* a very diluted bath is prepared ; the articles 
re dipped into it, tad kept there 1 to 9 minutes according as the colour is desired 
.ghter or darker* 
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Yffkir *—(1 > Mredati! with red liqir*; mad dye with kik liquor mad tmteerift. 

(2) Tumeric dissolved in wood naphtha. 

(3/ Aqua regia f nitre-muriatic acid), diluted in 3 part* water, la a tntxhmwd 
tether destructive yellow stain. 

(4) Nitric arid givea a fine permanent yellow, which is converted into dark Won If 
subsequent application of tract cm of iodine. 

(5) Wash over with a hot concentrated eolation of picric acid, and whe£ dry, jniM 

the wood. 

(IT) Orange-yellow Tone to Oak Wood.—According to Niedling, a beanfiffll eiwsfv 
yellow tone, ranch admired in a chest at the Vienna Exhibition, may be imparted b 
oak-wood by rubbing it in a warm room with a certain mixture until it sequins a fall 
polish, and then coating it after an boor with thin poliak, and repeating the eoutajd 
puliafa to improve the depth and brilliancy of the tone. The ingredient* for the raika; 
mixture are about 3 ox. tallow, | ox. wax, and 1 pint oil of turpentine, mixed by ttt&f 
together and stir ring, 

(7) (J'5 ox. nitric acid (aquafortis) is compounded with 1 "57 ox. rain*water, ami Ik 
article to be stained U brushed over with this. Undiluted nitric acid gives a breast 
yellow colour, 

(8) 2*1 ox, flnely^powdered turmeric are digested for several days in 17*5 eft, akAd 
80 per rent, strung, and then strained through a cloth. This solution is applied folk 
articles to be stained. When they have become entirely dry, they are burnished *ai 
varnished. 

(9) 1‘57 ox, potash earV>onate are dissolved in 4 *2 ox. rain-water, Thb eolutk^* <• 
poured over 0*52 ox. armatto, and this mixture is allowed to stand for 3 days in a*»*3 
place, being frequently shaken in the moon while. It is then filtered, and 0*1714 
spirit of sal-ami non in c is added to it. The stain is now ready, and the articles to la 
stained will acquire a very beautiful bright yellow colour by placing them in it 

(10) Bright Golden Yellow,—0*52oz. finely-powdered madder is digested for 12 hw 
with 21 ox. diluted sulphuric acid, and then filtered through a cloth. The artldi-s toW 
stained are allowed to remain in this fluid 8 to 1 days, when they will be stained tfcgngh 

GIEDING,—This method of ornamentation, adapted chiefly to articles of *‘*4 
consists in applying a coat of gold loaf to the surface by the aid of an adhesive mtdiiS 
ten nod gold size. 

Leaf metal.—There are several kinds of gold loaf and substitutes for the grtioi* 
article. The chief real sorts are 41 deep " or reddbh gold, and 4 * pale ** gold, tha Utt* 
being alloyed with silver. The best of these comes from Italy. Silver leaf is nftm 
employed for economy sake, and afterward a coloured or varnished yellow. Dutrii \d 
is a base metal alloy exh ibiting almost the characteristic appearance of gold. The tun* 
kinds of leaf are sold in ** books **: gold books contain 24 leaves 3 in. square sad ea* 
It, fwf.; Dutch books have the sumo dimensions, and cost about 4 d,; silver books and*® 
48 leave* 4J in, square, and cost about 9d. 

£izts .—Tliu composition of ttixe for attaching gold leaf varies not a little. One of tb» 
most common kinds is that called "oil gold size, ** It is made by boiling litbarf* it 1 
linseed-oil (I or, of litharge in 1 pint of oil)- Its only dtand vantage h that it take* ! 
12 hours to dry sufficiently to receive the leaf; but it possesses the important ndtanUp 
of reel sting- the effects of the weather, even when not varnished* It is often *oU * 
admixture with ochre (either yellow or red), ready for application, A substitute geuritllf 
employed cm indoor work is " japaunera* gold size ”; this dries in 2 or 3 hours, but v 
nearly so Jumble, and necessitates the application of a coat of varnish to the gold, which 
ta not improved thereby. For bright gilding on glass, Brunswick black, oopal twaA 
or japumwrs* gold size containing chrome yellow is often resorted to; but the btd 
medium is a '* water size,** made of isiqglau dissolved in boiling water, with an 
vojrima of spit its of wine added, and the whole strained through silk. 
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TonU.—Thews are not numerous* One of the moat essentia! is the gilders* brush, or 
tip, * Fig. 734, which is a broad thin brush, made by glueing camel-hair between 2 
of thin card. Next comes a cushion or pod on which to out the leaves to the 
»iae- This pad, Fig. 735, is a strip of lint wood, of convenient size for receiving 
leaves (say 6 to 8 in. sq.) T covered with 
c r 3 thicknesses of tightly stretched flannel 
baize overlaid by chamois leather* pro 
rid.4 with a loop beneath for the thumb, and 
surrounded by a wall of parchment 
ward off draughts. Some 2 or 3 paint 
of various dimension a are useful for 
the leaf and laying on the size* A 
f sharp and smooth edged knife is neces* 
j for cutting up the leaves as they lie on 
pad. A * bob " (Fig, 736) of soft chamois 
jjcf stuffed with cotton wool, for pressing 
leaves down in place* completes the 

2^i£i7di r n^“Th]B is tho simplest phase 
lhe art. As usually performed, a leaf 
is taken from the book, laid on the pad, blown flat and smooth by puffs from the mouth, 
then cut to shape for the surface to be gilded, silowing a small surplus margin. Tho 
leaf is removed from the pad by the aid of the tip, which U first passed across the 



m 



in or hair of tho operator to render it just adhesive enough to retain the leaf sufficiently 
tg for its transference to the work. But readier ways of transferring the leaf are oftou 
adopted. For instance, the leaves may bo cut to shape by a penknife while in the book, 
and carried to the work on intervening slips of paper. Or the leaves may be picked up 
ite flat by a piece of waxed paper* or by breathing on the surface of a stick covered 
with cloth. But absolute stillness of the air in the apartment is essential to success in 


The surface intended for the reception of the leaf must be previously sized, and this 
sufficiently long in advance (varying with the kind of size used) to allow the size to dry 
ttio correct degree. It is important that the sizing coat be equally distributed, nnd 
thnt no mor^ ground he sized at once than can be conveniently gilded at a single operation. 
To judge exactly the best moment for laying the leaf on the size requires some expe- 
netrc : the size should be as dry as ie compatible with the teoanly ol Ttia 
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degree of moisture necessary* varies with the kind of leaf, being least far gold lea£ 
more for silver, ind moat for Dutch leaf. If the rized ground should from any mu* 
become too dry, the evil may be remedied by a short warming at the fire, ob*emt»g the 
precaution to lay the leaves the moment they will stick, as the adhesiveness **m di* 
appears after the heating- 

The leaves being laid all over the sized surface, any remaining gaps are made gred 
and tho whole gilded surface is gently pressed with the bob, to ensure Ha enrapb* 
adhesion* This operation is often performed with a largo paint brush, by d&bbfog it 
lightly down endwise, “stippling 11 In fact; indeed a brush is much more con venieat 
and effective when the surface is uneven* The gilded surface should be carefully 
brushed to remove stray fragments of leaf* and then pointed over with a clear size tmU 
by dissolving parchment shreds in water to the consistence of thin jelly, or with i 
varnish made by dissolving dammar in turpentine or spirits of wine. 

Obviously the process of dead gilding must undergo some modificat ion according la 
the ground on which the leaves have to be laid* These conditions will now he comidrftil 
in reference to the articles ordinarily selected for gilding* 

On plain wood,—Before gilding plain wood, its absorbent character must be destmjwl 
by the application of n ground colour, which may be jnpanners' gold size miitd wid 
yellow ochre previously ground very fine in turpentine, or a compound of boiled Kixval* 
oil and a pigment of good body, such as white dead* The painted ground, when dij;» 
rubbed down smooth with fine glasspaper, and any required number of oottLi added aid 
similarly smoothed, when the sizing and gilding fellow in the usual manner* 

On polished wood- — In the esse of polhhed wood, the coat of polish serves the pmrfnt 
of a ground colour, and renders the latter needless* Should the gilding be deaUiwilta 
cover only portions of the surface, the precaution must bo hi ken, before applying it, frnA 
whiting on the parts not to be glided, so as to prevent the adhesion of the leaf toiii 
otherwise sticky surface* The sizing and gilding are conducted in the ordinary nay 
Ou cards.—For gilding on cards, the surface must first be rendered non-absorbent h 
the application of a water sire, made from isinglass, gum ambie, or parchment 
boiled down* The number of coats of size needed will depend ou lie nature of tte 
card: then oil sizing and gilding follow in due course. An exception to this rule obtain 
with photographs, m which the albumenizing serves as a substitute. 

On textiles*—The surfaces of textile materials require a similar grounding of wtto 
size, which may be weak glue for eoarac fabrics* 

On painted and japanned surfaces.—The same rules hold good as for polished Wttd. 
On metals,—These are unsatisfactory materials for gilding on, as they so soon stiflVi 
oxidation and decay- They nr© best painted first. 

On masonry.«—Thfi porous surface of slonc or plaster must first bo rendered water* 
proof and 41 satisfied 11 by coats of either a solution of shellac and gutta-percb* n 
naphtha, or of shellac in methylated spirit, greet care being taken that the surf** i* 
previously dry, and that the oil size afterwards applied does not extend beyond tin 
** satisfied " portion. 

On ivory.—Ivory is not so easy to gild ns articles made of wood: wood, bung pemw, 
retains ft portion of the gold size ; yet, on the other hand, hone or ivory may be gdt 
that it shall resemble gold. Free the ivory from dirt or grease; when quite dry, give tl* 
article a thin coat of gold size laid on evenly with a fine hair brush; lay aside until wV 
which may be known by feeling whether tacky to the finger* The gold size should be jud 
tne least warm; ihc article may, with ad vantage, bo warmed before applying the gold sizr* 
great care must be used to keep the dust from the article until gilt and quite dry. Cat 
the gold leaf in suitable-sized pieces* and apply with the tip; the gold leaf may Ih-ti l* 
pressed into shape with a piece of white wool. Should any part appear not gilt, iffb 
a dab of gold size, then a piece of gold leaf. When quite dry* it may be bumiiW 
with an ivory paper-knife* or even &. g\uft ^nnWAct, dnnqa inserting a piece of tim* 
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er bttwe-eu the immiaher aud the article to be gilt. When finished off, the appe&r- 
e will be much improved by giving the article a coat of gold lacquer. 

On plaster of Paris.—This needs 3 or 4 coats of boiled linseed^oil laid on at intervals 
24 hour*, followed by a water size containing finely-ground yellow ochre for 
.di iate work, or a coat of japanners' size and yellow ochre for coarser work; the gold 
and leaf follow when this is dry. 

I*right QUding ,—The bright eflbct is gained either by having a smooth polished 
rounds or by burnishing the coat of gold leaf. The adhesive medium employed in 
atcf size. There are two important modifications of the process, according as the surface 
W gilt is transparent or opaque. 

On transparent material.—The commonest transparent material is glass, and the 
olid), smoothness, and hardness of its surface adapt it well to the process. The opera- 
on i» performed on the back of the sheet of glass, and this must be borne in mind 
rtlh reference to the reversed position of the pattern. The surface to be gilt is 
hofoughly freed from, adhering gmisc, Ac., by rubbing with whiting, and the latter 
removed by the aid of a silk cloth. Adhesion of the leaf is secured by simply 
naiilemng the surface of the glass with the tongue or the breath. When it has become 
attached and has dried, it is breathed on again, pressed all over w ith a pod of cotton 
vcul, then warmed by the fire, and finally rubbed with dry clean cotton wool to bring up 
polish. Next, on the gilded ground is marked the pattern which is to be exhibited, 
tid such portion of the leaf is fixed by n coat of Brunswick black or of japnnn era’gold 
ize containing a pigment such ns yellow ochre, which is allowed to dry quite hard 
re proceeding to rub off the leaf from the portions which are not to be gilt. Tins 
bing off is done with pieces of wet cotton wool, the hand being meantime held 
IF the work by a strip of wood supported across it at a suitable elevation. If the 
hattern is to be made up of different kinds of leaf (deep and pale golds and silver), each 
iod is applied in turn, in the same manner, all over the unoccupied space, and rubbed 
at where not wanted. The background is finished by a coat of paint or bronze 
ler, the latter being rubbed with a ^boh’’ upon a layer of varnish. The pre¬ 
fixing of the leaf tuny be done with a water size, such as already described, 
desired ; this takes lunger to dry, and, if allowed to get too dry, huMs so firmly that 
is difficult to remove the superfluous leaf. 

On opaque material,—For fixing the leaf on polished or japanned surfaces, the water 
used an n ground should contain no spirit. The best fixative fur the pattern is 
ms wick black. A final coat of copal varnish over the gilding is desirable. By 
g a portion of the ground frubbing bronze powder on a cnet of japarwera' gold 
and chrome yellow), and gilding nil over, the bronzed part will exhibit dead gilding 
Kad the remainder bright, 

Jinny useful hints whh reference to gilding picture-frames, book-covers, illuminated 
ceument*, tad varioui other articles, will be found in the first aorta* uf * Workshop 

ieccipU.’ 

POLISHING.—It is a common proceeding to impart a brilliant lustrous surface to 
inisht-d work by the operation of polishing. The methods of conducting the operation 
nd tee materials employed to produce the effect vary with the nature of the substance 
terming tee ground to be polished. Hence it is beat to divide the subject into 
■^preprints sections, e. g. marble, metals, anti woods. 

Marble *—(1) If the piece to he polished is a plane surface, it la first rubbed by means 
F another piece of marble, or hard stone, with the intervention of water and two sorts of 
<i; first with the finest river or drift sand, and then with common house or white 
which latter leaves the surface sufficiently smooth for the process of gritting, 
sorts of grit itono arc employed ; first, Newcastle grit ’ second, a fine grit brought 
the neighbourhood of Leeds; aud lastly, a still finer, called VDltlu wX 

jrr, m Scotland. These are rublml eoecasslvely on the surface with 

% 
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these mentis, the surface U gradually reduced to closeness of future, iking \ 
process of glaring, which is performed by means of a wooden block having a thir 
of woollen stuff wound tightly round it; the interstices of the fibres of this a 
with prepafedputty powder (peroxide of tin)* and moistened wilh water; this Uj 
on the marble and loaded, it is drawn up and down the marble hy means of a 
being occasionally wetter]. Until the desired gloss is produced. The polbliiug i»f 
inga is done with the same materials, but with rubbers varied in shape icodhif 
of the moulding. The block is not used in this cose ; in its stead a piece of Jin* 1 
is folded to make a handful; this also contains the patty powder anti water 
rubber# employed to polish a slab of large dimensions should never exceed { of its 
nor £ of its width ; hut if the piece of marble is small, it may be sanded itself nu 
piece of stone* The grit rubbers are never larger than that they may be *»dly 
one hand: the largest block is about H in. in length and in, in breadth* 

(2) Polishing includes 5 operations. Smoothing the toughness left by the 
done by rubbing the marble with a piece of moist sandstone; fur moulding*, either 
or iron mailers are used, crushed and wet sandstone, or sand, more or letss fine no 
to the degree of polish required, being throw n under them* The second process 
tinned rubbing with pieces of pottery without enamel, which hove ouly been b*b. 
also wet. If a brilliant polish is desired, Gothland stone instead of pottery U u* 
potters' cl ay or fullers* earth is placed beneath the mailer* This operation is per 
upon granites and porphyry with emery and a leaden mullcr, the tippet part of i 
itic mated with the mixture until reduced by friction to clay or au impalpable ] 
As the polish depends almost entirely on these two operations, care must 1* 
that they are performed with a regular and steady movement. When the mar 
received the first polish, the flaws, cavities, and soft spots are sought out and filh 
mastic of a suitable colour* This mastic is usually composed of a mixture of 
wax, rosin, and Burgundy pitch, mixed with a little sulphur and planter pas^ t 
a fine sieve, which gives it die consistency of a thick pabte; to colour this paste h 
analogous to the ground tints or natural cement of the material upon which it is 
lampblack and rouge, with a little of the prevailing colour of the material* jut 
F or green or red marbles, this mastic is sometimes made of lac, mixed with * 
sealing-wax of the colour of the marble; it is applied hot with pincers, and the? 
arc polished with the rest* Sometimes crushed fragments of the marble woe 
introduced into this cement; but for line marbles, the same colours arc employe 
are used in painting, and which will produce the same tone as the ground; tl 
added to give it body and brilliancy* The third operation of polishing earn 
robbing it again with hard pumice, under which water is constantly poured, u 
with sand. For the fourth process, called softening the ground, lend filing* tire 
with the emery mud produced by the polishing of mirrors or the working of : 
stones, and the marble is rubbed with a compact linen cushion, well wdurat 
this mixture ; rouge is also used for this polish* For some outside WT«rk 
for hearths nud paving tiles, marble workers confine themselves to this 
When the marbles have holes or grains, a leaden mullet is substituted 
linen cushion. In order to give a perfect brilliancy to the polish, the 
Applied, Well wash the prepared surfaces, and leave them until perfectly dry ; th 
a linen cushion, moistened only with water, and a little powder of calcined th 
first quality* After rubbing with this for some time, take another cushion of d 
rub with it lightly, brush away any foreign substance which might scratch the 
and a perfect polish will be obtained* A little alum mixed with the water «*? 
tmtes the jiorea of the marble, and gives it a speedier polish. This polish »}*■ 
easily, &ud ia soon tarnished end destroyed by dampness- It is necessary, wli 
chasing articles of polished marbles, to subject them to the test of water; if trier 
much alum, the marble absorbs lb*s wuXtr, mV &pot is left. 
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(9) To polish imitation marbles, when you have finished marbling, let the work 
tand for o tiny or two; then gently rub it down with the buck or smooth side of a sheet 
f sandpaper; this will take off the knits or bite of akin which may be upon it, without 
cntehing it; now give it 3 coats of the beet pale polishing copal varnish, allowing an 
itervsl of 2 days after each coat Let this aland for 3 weeks ; then cut it down with 
round pumice and water, using a piece of wash-leather or rag for that purpose. When 
on have got it tolerably smooth and level, wash it well with plenty of clean wutor, 
iking particular care to clean off all the pumice; give it 5 coate of vanilBh, It ought 
gw to stand for 3-f! months before it is polished, for if it is done before it ia almost 
2 itiin to crack. When the varnish is sufficiently hard, cut it down with finely-ground 
undue as before; then use roitenstone and olive-oil, with the ball of the hand; then 
Ottr and oil: finish off with dry flour. This takes a deal of time to do properly. 

MetaU.—The following general remarks on polishing metallic surfaces by hand are 
■ora a paper by T F. Hagerty, in the American Machinist ;—The practice generally 
ruplnyed by machinists in grinding and polishing either new or old work is to mix the 
‘dishing material with oil, usually refuse machinery oil; in most cases this is a great 
ibatnke, and has mused the loss of time, patience, and money. Take, for instance* the 
rtruling to a true bearing of a stopcock, a valve seal, or a slide valve. There are few 
i nr hi ii ists but what have had more or less of that class of work to do, particularly in 
ihMng shops, and we seldom find one wlio uses the same method of aoeomptishing the 
>h that is practised in shops where that dies of work is made a speciality. In fitting 
nd grinding live plug into tho barrel of a cock, a little judgment and care will savo 
great deal of hard labour, amJ in no ease should nil bo mixed with any of the grinding 
inter!#], for the following reasons; If fine emery, ground glass, or sand is used with oil, 
requires but a few turns of the plug iu the barrel to break up the grains of the grinding 
mterial into very fine par tides; tho metallic surfaces also grind off, and the fine 
urt ides of metal mixing in with the grinding material and oil, make a thick |>aste of the 
uu*u At this stage it h impossible to grind or bring the metallic surfaces to a bearing, 
a the gluey paste keeps them apart; if more grinding stuff is applied, it will pre¬ 
tie operator from seeing what part of the barrel and plug bears the hardest. 



if the grinding material be distributed over the whole surface, the parts that do 


nt bar will grind off as fast as the parts that touch hard, as the parti el ea work freely 
, tween the surfaces; should the barrel aud plug bear equally all over when fitted it 
aquiree mote care than if it were a top or bottom bearing, as that part of the barrel and 
luv m gross the “ waterway 11 grinds twice as last us the other parts ; therefore it should 


e kept the driest. Now this objection holds good in I lie grinding of valve stats or slide 


wives, to wit: the separation of the surfaces of the metal by a thick, pasty, grinding 
mterwtl. In order to bring the surfaces to a perfect bearing rapidly and with little 
shottr, the following directions will be found worth a trial;—To grind a stopcock of any 
rind. fiM ace that the ping fits the barrel before it is taken from the lathe. Run a half* 
ftnnd smooth file up and down the barrel to break any riugs that may be in it; a few 
uhs of a smooth file baefc and forth over the plug will break any rings or tool marks 
n It. Wipe both part* dean. Use for grinding material fine moulders* sand sifted 
h rough a fine sieve. Mix with tenter in a cup, and apply a small quantity to the parts 
hat bi-ar the hardest. Turn rapidly, pressing gently every few turns; if the work is 
urge and the laihe is used, ran slowly ; press and pull back rapidly to prevent 
ticking and ringing; apply grinding sand and water until a bearing shows on another 
Kirt, then use no morn new sand, but spread the old that has worked out over the 
rholc surface, Turn rapidly, pressing gently while turning: withdraw the plug and 


r part of the dirt off, ami rub on the place a little brown soap; moisten with water 
press the surfaces together with alt the force at hand, turning at tho same time, 
[>ve the plug and wipe both porta clean; next try the condition of iho Wow?,V} 



iing the dry surfaces together with great force. If the porU W*e 
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together while grinding, aud the plug baa not rubbed against the lower part at lit 
barrel, the surfaces will be found bright all over and a perfect beaming obtained. If set 
iron barrel and a brass plug are used, or two hinds of brass, a hard and soft metal* **p 
should bo used freely when finishing up, as the tendency to fonn rings is greater *b<n 
two different metals are used. In grinding a slide valve which baa been in tw until 
hollow places have worn In the surface, emery mixed with water, or sand and water, will 
he found better than oil, unless a tight body of oil* such fir kerosene, is used. If water 
is used with the grinding material, soap should be rubbed on hollow places, and r* 
grinding stuff should be applied to the high parts in email quantities, keeping the I « 
parts clean and dry until an oven surface u obtained all over; then the worn-out its! 
should be used for finishing up. In polishing metal, oil that will 42 gum up ** should nd 
be used with the polishing material unless for a dead fine polish, lu polishing old hr** 
work which has been scratched and tarnished by wear, pumice or bath brick should b 
need with soap and water for scouring off with, and rottenstone with kerosene oil for tbs 
wet finish, and dry for the final polish. The same method should be mu d for &** 
beam work. New work should require, after leaving the lathe and vie© tools, but IftCls 
polishing or grinding, and every good workman should try to avoid using an emery 
or emery cloth, as with proper cere in the use of tools a great deal of grinding lid 
polishing can be dispensed with. The polishing of metals varies somewhat accord in £ to 
their character, but the main principle underlying all Ls the substitution of pogmiTdr 
finer scratches for those left by the material last used* until they become Bo dtdkwfosa 
to be invisible without the aid of a microscope. 

Bebjxan Burnishing Powder.—Mix together I ot fine chalk, 3 oz. pipeclay, 2 otdij 
White-lead, f oz. carbon a to magnesia, and £ oz. rouge. 

3ra*+poti*k6*.— (1) Make a past© of equal parts of sulphur and chalk, with sufficient 
vinegar to reduce it to the proper consistency; apply it to the metal while moist, tOa* 
it to dry on, and rub with a chamois skin. For ornaments or engraved work, clean miti 
a brush. (2) Another process, and one that gives to the brass a very brilliant colour, 
is to make a wash of alum boiled in strong lye, in the proportion of 1 oz. alum to 1 pd 
lye. Wash the brass with this mixture, and afterwards rub with chamois and trip! 
(3) A weak solution of ammoniu in water makes un excellent wash. Apply it wilt § 
mg, dry w ith a piece of shammy, and afterwards rub with a piece of shammy and n f«T 
small quantity of jewellers' rouge, (4) Platt 2 oz. sulphuric acid in ao earthen wwd 
and add 1 qt. cold soft water; after Urn heat that is generated has passed off, aiM 1 
each tripoli and jewellers 1 rouge. When well mixed, put in a bottle for use, (5) Enu* 
may be polished without a burnisher, by using an exceedingly fine cut file, and flneeafi? 
cloth. (6) Small articles to be polished should be shaken by themselves for a di * 1 
time; then some greasy parings of leather should be put in the barrel with them. Afttf 
they have been shaken smooth, the greasy leather parings am replaced by clem 
and the shaking is continued m Jong as necessary, (7) When the brass is matte flsoOtb 
by turning, or filing with a very fine flits, it may be rubbed with a smooth fiue-grdttri 
Atone, or with charcoal and water. When it is made quite smooth and free from scratch** 
it may be polished with roth naiooe and oil, alcohol, or spirits of turpentine. 

Burnithiny ,—To burnish an article is to polish it, by removing the small rongh&n* 
upon its surface: and this is performed by a burnisher. This mode of polishing i* 
inoat expeditious, and gives the greatest lustre to a polished body. It remove the fiiiAl 
left by the emery, putty of tin, or other polishing materials ; and gives to the burouM 
articles a black lustre, resembling that of look tog ♦glass, The form and construction rf 
the burnisher is extremely variable, according to the respective trades ; and it tutut b* 
adapted to the various kinds of work in the same art* In general, as this toed w octy 
intended to efface inequalities, whatever substance the burnisher is made of is rj hub 
consequence to tins art id© bin nished, provided only that it is of a haidor tub-U .a- iii*n 
Hint article. 
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Bmvhhei*.—The btmnihera used are of two kinds, of steel and of hard stone. They 
* cither eunid or straight, rounded or pointed, and made so na to suit the projecting 
uU, or the hollows of the piece. Stone burn bit or# are made of blood-Rhine, cut, end 
ther rounded with the grindstone* or rubbed, ho that they present, at the bottom, a 
cry biant edge, or sometimes a rounded surface. These are polished with emery, like 
h.*] burnishers, and are finished by being rubbed upon a leather* covered with crocus 
aHih The stone is mounted in o wooden handle, and firmly fixed by a copper ferrule, 
fetch encircles both the atone and the wood. The beat blood-itanea are those which 
on tain the must iron, and which, when polished, preseat a steel colour. The operation 
f burnishing is very simple; take hold of the tool very near to the stone, and loan very 
mrd with it on those part* which are to be burnished, causing it to glide by a backward 
ml forward movement, without taking it off the piece. When it is requisite that the 
«sad should pass over a large surface at once, without losing its point of support on the 
waik-bench, in piking hold of the burnisher be careful to place it just underneath the 
itil h finger. By this means the work is done quicker, and the tool is more solidly fixed 
to ti«- h-ind. During the whole process, the toot must be continually moistened with 
'lack »»ipsuds. The water with which it is frequently wetted causes it to glide more 
arity over the work, prevent* it from heating, and facilitates its action. The black 
map, containing more alkali than the common soap* acts with greater strength in 
banning off any greasiucss which might still remain ou the surface; it also more 
xodily detaches the spots which would spoil the beauty of the burnishing. In eon- 
w-qtjenee of the friction the bnrnisber soon loses its bite, and slips over the surface of 
b 1 iiriicle as if it were oUy. In order to restore its action, it must bo rubbed, from time 
*> time, ou the leather. The leather is fixed on a piece of hard westd, with shallow 
urmws along it* There are generally two leathers—one made of sole leather and the 
IJuT of buff leather The first is impregnated with a little oil and crocus martia, and 
h particularly used for the blood-stone burnishers; the other has only a little putty of 
Lb scattered m the furrows, and is intended exclusively fur rubbing steel bumishem, as 
bey are not so hard a* the blood-stonea. Blood-stone being very hard, the workman uses 
i whenever bo can, la preference to the steel burnisher. It is only In small articles* and 
i difficult phicea, that steel burnishers arc used : m they, by their variety of form, are 
rispted b> all kinds of work. I a general, the blood-alone greatly reduces the labour, 
Vhun the articles, on account of their minuteness, or from any other cause, cannot be 
rjuvoniently held in the baud, they are fixed in a convenient frame on the bench: but 
Oder all circumstances be very careful to manage Ihe burnisher so as to leave untouched 
iosc ports of the work which are intended to remain dull. When* in burnishing an 
HHe which is plated or lined with silver, there is any place where the layer of precious 
acta! is removed, restore it by silvering these places with a composition supplied by the 
Qrcrcr, which is applied with n brush, rubbing the part well, and wiping it afterwards 
riiti no uld linen cloth. The burnishing being finished, remove the soapsuds which still 
dhcre to the surface of the work; this is effected by rubbing It with a piece of old linen 
Loth, But when there are a great number of small pieces to finish* to throw them into 
Cfcij»*Htls ami dry them afterwards with sawdust is more expeditious. The burnishing 
f gold leaf or silver* on wood, is per fanned with burnishers made of wolves* or dogs? 
Hfth* or agates, mounted in iron or wooden handles. When about to burnish gold, 
I■ plied on other metals, dip the blood-stone burnisher into vinegar; this kind being 
xoluaively used for that purpose. But when burnishing leaf gold on prepared surface* 
T wood* keep the stone, or teeth, perfectly dry. The burnisher used by leather gilden 
* hard polished stone* mounted in a wooden handle—this is to sleek or smooth the 
wither. The ordinary engravers 1 buraUher is a blade of steel* made thin at one end, to 
t into a mil handle to hold it by. The part in the middle of the blade is rounded oa 
Sc convex side, and is also a little curved. The rounded part rcvuaV W vreW 
nd the tool be very h&rrf. Tbit burnisher is used to give tfee taal Vo 
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of popper and bteel plates as may have been accidentally semtelied, or speckled, wbtr* 
falsa lines are to bo removed, arid also to lighten in a small degree such parti u 
fce« n too deeply etched or grayed. In clockmaking, those pieces or [^rts are bofniiM 
which, on account of their size or form, cannot be conveniently polished. The hoftmlm 
are of various forms and sizes; they are nil made of oait steel, very hurd, and fdl 
polished; some are funned like wge-leftf tile*, others like common tiles—the first tfi 
used to burnish screws end pieces of brass; the otheni are used for flat piece* Hi* 
clock makers have also very xmall ones of this kind, to burnish their pivots—they *fc 
called pivot burn is hers. 

Book Edges.—This is done with a wolf g or dog's tooth, or a steel burnisher; farUa* 
purpose place the books in a screw press, with boards on each side of them, and attar 
boards distributed between each volume: *ir>.t rub the edges well with the tooth top** 
them a lustre. After sprinkling or staining and when the edges are dry, burnish d* 
front; then turning the press, burnish the edges at the top and bottom of the voltnnr* 
Burnish the gilt edges in the same manner, after having applied the gold; butobsent 
in gilding, to lay the gold first upm the front, and uilow it to dry ; and on no •cmaat 
to commence burnishing till it is quite dry. 

Cutlery.—The burnish lug of cutlery is executed by hand or vice bu mi sheri; iUf 
are all made of fine steel, hardened, and well polished* The first kind have noting 
particular in their construction ; but vice burnishers are formed and mounted hi**#! 
different manner. On a long piece of wood, placed horizontally in the vice, U M 
another piece, as long, but bent in the form of a bow, the concavity of which ii taitoJ 
downwards. These two pieces are united at one of their extremities by a pin ami* 
hook, which allows the upper piece to move freely around this point as a centra Tin 
burnisher is fixed in the middle of this bent piece, and it is made more or Ire* P’ 1 * 
jeetiug, by the greutcr or lesser length which is given to its base. The moviihb 
wood, at the extremity opposite to the hook* bt furnwb&l wilh a handle. which 
the workman as a lever. This position allows the burnisher to rest with greater f-«* 
against the article to be burnished, which is placed on the fixed piece of wood TU 
burnisher has either the form of the fact' of a round-headed hammer, well jsoliihfd * 
burnish those pieces which are plain or convex; or the form of two cone* oppewd d 
their summits, with their bases rounded, to burnish those pieces which are fvnntot '2 
ring-shaped. 

Pewter.—The burnishing of pewter articles is done after the work baa been tam^ 
or finished off with a scraper. The burnishers are of different kinds, for hnrtiidu 4 
articles cither by hand or in the lathe; they are alt of steel, and while tn u-e wv niU*d 
with putty powder on leather, and moistened with soapsuds. 

Silver.—Commence by cleaning off any kiud of dirt which the surfaces of the db® i 
articles had contracted whilst making, as that would entirely spoil the burebaat 
For this purpose, take pumice powder, and with a brush, made very wet in 
soapsuds, rub the various parts of the work* even those purls which are to remain doll, 
w hich, nevertheless, receive thus a beautiful white appearance ; wipe with an eld ko« 
cloth, and proceed to the burnishing. 

Crottts.—Put tin, as pure as possible, into a glass vessel—a wineglass cW* very v*D 
when making small quantities—and pour in sufficient nitric acid In cover it* Orad 
heat ts evolved, and care must be taken not to inhale the fumes, as they are pore Mima 
When there is nothing left but u white powder, it la heated in a Hesdan cnieibb, tod/tir 
off the nitric acid, 

Emery Paper,— Emery pnj>er is extensively employed for cleaning and j..ihhir-f 
metals, but all the kinds in use hitherto have the grout disudvantage* of not ntihuof 
an equal efficiency. The fresh purls bite too much, and the paper itself soon get* w* 
through in places. Emery on linen \io* \Vvfc4 v \ai\without aueoM. Tie «n*J 
[ifiper recommended by the Manu/octurer end Builder S* wA ^ ^ pr 
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>th tides, but n braird in which emery enters as a, constituent part. Fine and uniform 
rdhaard pulp must be pri-eured, And | to J its weight of emery powder thoroughly 
ix*ti with it, «> that the emery may be equally distributed* The mass U then poured 
it hi cuke* of 1 in, to H> in* in thickness. They uniat not be pressed hard, however, 
it iJlowed to retain a miditim pliability, This paper will adept it&elf to the forms of 
In? lulidss, and will servo until completely worn out. 

Emery Wkdeli ,— (1) Can be made with shellac powdered fine, and a small portion of 
win, a piece about the size of a walnut to 1 oz. shellac, and n piece of old vulcanized 
ruiin rubber about the fauna size, which gives it toughness. Shellac about l oz, to 1 lh* 

{ ciliary, well melt, and stir about iu a sniiill frying pan ; well mix the powders before 
pplying heal Be careful not to bum it* or get grease in it; have a ring of iron and a 
d»*re of plate iron prepared with black-lead and beer pretty thick ; place the ring upon 
lie plule and make a mould, turn the stuff into it, and well mm down evenly; put on 
Tit .dde to cool ; when cold, turn out arid ehurk In lathe, and with a piece of red-hot 
ton bore a hole for spindle ; after spindled put between centres, and trioe-Up with hot iron. 
» T «ty good grindstones nmy be made with silver-sand mixed with powdered glass, and it 
»iisfettiiry P> have some body besides ihellao for coarse emery to form a body to bed 
he grains in* Emery dust from grinding glass, and Turkey atone slips, and slate, mny 
^ used as a substitute far the flour* (2) The best emery wheels are formed of dean 
met y compounded with just enough boiled linseed-oil, the mixture being agitated for 
vutBdeut period under exposure to a considerable heat and free access of atmospheric 
df, or some still more powerful oxidizing agent; it assumes the necessary degree of 
cQttdty, and wliiLt warm, being exposed to hydraulic pressure in a suitable mould, and 
‘du'qaent drying in a stove, the emery wheel iti complete* 

Frisian Polish .—A good polish far iron or steel rotating in the lathe, is nmde of fine 
racry and oil; which is applied hy lead or wood grinders* screwed together* Three 
r*rv good oils for lubrication are olive oil, sperm, and neats'-foot. 

German Silver .-—Take 1 lb* peroxide of iron, pure, and put half of it into a waah- 
pairing on water, and keeping it stirred until the basin is nearly full* While the 
Ner and emeus are in slow motion, pour off, leaving grit at the bottom. Repeat this 
acmnd time, pouring off into another basin. Cleanse out grit, and do the same with llio 
*hcr Jiftlf* When the fiODodkt is poured off* the crocus in the first will have settled 
o the bottom; pour off the water gently, take out the powder, dry it, and put both 
rben washed clear of grit, and dried. Into a box into which dust cannot get* If the 
ilver work is very dirty, rub the mixture of powder and oil on with the fingers, and then 
Will be known if any grit is on the work. If the work is not Very black, take a piece of 
oft rijamoii leather, and rub some dry crocus on, and when well rubbed, shake out the 
wilier* anil let the powder fall off that is not used, or rub it off with a brush* Do not 
ut down the leather in the dust* 

Glare Wheel* for Fini*htn<j Steel .—For hollow finishing* the following wheels are 
squirtdA mahogany whctl for rough glazing. A mahogany vihiod for smooth 
bating A lead wheel, or lap. For flat finishing: A buff wheel far rough, A buff 
rhod br smooth. A huff wheel for finishing. Lastly, a polisher. To make the glazu 
heels : Get the spindles, and point them on each end ; then get n block of beech and 
edge it on the steel at otic cud with iron Wedges, and turn it for tho pulley for tl e 
and to run on* Take two pieces of fiat mahogany and glue and screw them together, 

* that the grain of one piece crosses the other* to prevent warping. Let it get 
lormigbly dry* and wedge it on the spindle and turn it true* The had wheel is made 
ie ?-jfne way but wider, and has a groove turned in the edge* The wheel is put into 
iri*i f and a ring of lead run round the edge; it is then turned true* To make the bull 
heels, proceed at with Ibo gWe; but to save expense, pine or deal wood will do as 
ell at mahogany, only leave it about double the width oC the vkkh \fc 

in, widt , by }2 or li m t ft v row, The buff wheel* are coveted VvAi Ww 
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leather h tucked on with tucks driven la about balf^aj, fo that they may be easily 
drawn out again. The leather m then turned true. The polisher is made the suue wiy* 
hut the size of the polisher must be a little less than any of the other wheels, say, shout 
I in. The buff wheels are dressed by laying on a fine thin coat of clear glue, ind 
rolling them round—No, 1, in superfine com emery; No. 2* in femnoth emery; No. 3, by 
making a cake of equal parts of mutton suet, beeswax* and washed emery; thee it u 
held on the wheel while it is going round. The glaze wheels are dressed while n-ing; 
by mixing a little of the emery with oil* and putting it on the wheel with a stick m ih* 
finger. The leather of the polisher Is not covered with glue* but droved with § mu* 
turn of crocus and water, not oil. Care must be token to keep each wheel and *uh4urt 
to themselves* the work must be carefully wiped after each operation, and daaidbett 
must bo studied above all tilings in using the polisher, aa the slightest grease getting «t 
it stops the polishing. 

Gold and Silver face.—Gold lace* spangles* olhspa, knots, &e, T may be brushed etw 
with the following composition: oz. slid lac* § dr. dragons 1 blood* | dr. turaakrtd: 

digest with strong alcohol* decanting the ruby-red coloured tincture thus obtained. After 
coating with this composition* a warm fiat-iron is gently brushed over the objects^ 
to beat them only very slightly. Gold embroidery can be similarly treated. Silver he* 
or embroidery may be dusted over with the following powder and well brushed, Tile 
alabaster* and strongly ignite it* and whilst still hot place it in corn brandy; a aliMr 
powder is thus obtained, which ls fit for use after heating over the flame of a spirit 
lamp. It should be dusted on from n linen bug. 

Grindstone, Artificial. —Washed si I i cions sand 3 parts, shellac 1 part; melt the lac* 
and mould in the sand, while warm. Emery may be substituted for amid. Card far 
razors and fine cutlery. 

Iran and Steel—(1) Take an ordinary bar of malleable iron in its usual menhftnUbfo 
state, remove the oxide from its surface by the application of diluted sulphuric ind, 
after which wash the bar in an alkaline solution, then cover the entire bar with Oil nr 
petroleum. The bar is then ready for the chief process, A muffle surface k so prepra 
that a uniform, or nearly uniform, bent can be maintained within it* and in this furo** 
the bar is placed. Care must be taken that too great a heat is not imparted to it* for **> 
this depends the success of the operation. When the bar approaches a red heat, ud 
when the redness is just perceptible, it is a certain indication that the proper degree la* 
been attained. The bar is then at once removed, and passed through the finishing folk 
5 r>r 6 times* when it will he found to have a dark polished uniform surface* and lh* 
appear;i uoc of Russian sheet iron, (2) Keys, Key-rings, and other articles of iron.— 
Finish them well with a dead smooth file, then mix. some fine emery and oil together, 
hold the key in wood clamps* take some long strips of wash-leather* dip in the ahufl\ 
and polish well every part until till scars disappear ; then tie 2 or 3 dozen on a piece of ins 
binding-wire, put them in an iron box with leather scraps burnt and made into a fiw 
powder* cover bottom of box £ in, thick, spread out the keys on this* cover them up with 
the powder or leather-dust* put u lid on* tie down* put in a slow fire until the box if wl 
hot* soak about 20 minutes* then Open the box, take out the keys quick, plunge them io 
oil—-water makes them too brittle; now repeat the polishing as before, with long Jtwtkff 
strings dipped in the oil and emery* until all the black from the ** hardening* is off etrtj 
purl, then tuke them to the bras lung-frame* charge your brash well with flour of emery, 
keep turning the key in every direction until the polish begins to appear ; after this dip 
them in slaked lime* and get off every particle of grouse. Take them to aenthtf 
bruaMng-fnime* the brush charged with erocus and water; keep dipping the kvy is 
occasionally, and fellow up process on the brush until the polish comes up well. To put 
the extra gloss or polish on* take the leather strings us before, this time dipped la • 
mixture of putty-powder anti water; work the string well over every part uuld dul 
polish corned up. If you vufalv u Vv^Uux iV \x tawa Wvi—thul is girl* t!% 
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*hetr bands* in the putty-powder mixture above, find rub every possible part tip with tho 
palm of the hand* and this gives the beautiful pobab that is upon them. (Aubiu.) 
t3> Itodtsu recommende the tallowing method of brightening the surfaces of iron [dates, 
wrirv, 4fce.* aa the result of numerous experiments made in the la Watery of the Industrial 
^vi-ssetim at Munich The object, whatever it may be, just as it comes from the forge, is 
W for the sjfice of one hour in dilute sulphuric acid ( T ' ff part acid). The action of the 
ss-dd may l« increased by the addition of a little carbolic acid (?)> The forge scales am 
Irkisrnfd by the action of the acid, and the object is then washed clean with water, and 
dried with sawdust. Next, it is held for an instant in nitrous acid, the operator of 
©purse being on his guard against the nitrous fumes, washed again carefully, dried in 
aawdnit, and rubbed over oleum Iran goods thus treated acquire a perfectly bright, 
pare surface, having a white glance, without the intervention of any mechanical process 
-r*f polishing, (4) Steel.—U b© bell-uictn] polishera for arbora, having first brought up 
tin surface with oilstone dust and oil and soft steel polishers; for flat pieces use a piece 
of glia* for the oilstone dust, a bell-me tel block for the sharp red stuff, and a white 
Uieiat block for the fine red stuff. The polishing stuff must ho well mixed up and kept 
Vfty clean ; the polishers and blocks must be filed to clean off the old stuff, and then 
S'ubbed over with sclt brand ; put only a little red stuff on the block and keep working 
it until it is quite dry, the piece will then leave the block quite clean ; use bread to clean off 
the surplus red stuff before using the brush. If the piece in scratched, put on some more 
* -1 fluff, which must not be too wet, and try again. (5) The polish on lint steel pieces 
in fine watch work is produced with oilstone dust, burnt Turkey stone, and a steel 
I"iiuher, soft steel, bell-metal, and sharp stuff, grain tin and glossing stuff. The inctula 

squared with a file, and vary in shape according lo the work in hand. (6) Get an 
1 &-g*h barrel and put nn iron spindle through the two ends; mount it on treaties in tho 
*nuir way »a a butter ebum, with a winch to turn it by ; out out a hole in the side by 
v%liich to Introduce the articles to be polished; have a tight-fitting cover to the hole ; 
Impure tome wom-out casting pots or crucibles* such as use ! by casters, and pound tlirro 
in an iron mortar, until fine enough to pass through a sieve which will not allow the 
•trel articles te pass through. Put equal quantities ot this grit and of the articles in tho 
barrel; fa-ten on the cover, and turn the barrel fur about (in hour, at the rate of &l*r>ut 
£»« turns a minute; take all out of the barrel and sift out the gilt. If a finer polish than 
Uni is required, put them through another turning, substituting for the grit small scraps 
of leather, called xnoainga, which can be procured from curriers, and emery flour. Do 
imt more than half fill the barrel. 

Plate Powdery— (1) Take equal parts precipitated au1x?arbonate of iron, and prepared 
vshslk. (2) An impalpable rouge may be prepared by calcining the oxalate of iron, 
^3) Take quicksilver with chalk. J oz. t and pr- pared chalk 2 ok., mix them. When 
add a small quantity of spirits of wine, and rub with chamois leather. (4) Put 
sulphate of iron Into a large tobacco pipe, and place it m a fire for J hour, mix with a 
^umll quantity of powdered chalk. This powder should be used dry, (5) The following 
*iukun a liquid polish for silver plate—3 to 4 dr. cyanide of potassium, 3 to 10 gr. nitrate 
of silver, and 4 os, water; apply with a soft brush, wash the object thoroughly with 
'Water, dry with a soft linen cloth, and polish with a chamois skin. Neither whiting 
*mr powder of any kind should be used for cleaning and polishing—they only waste and 
Scratch the stiver, (6) Take 2 ok, hartshorn powder and boil it in 1 pint water; soak 
*msli squares of damask cloth in the liquid, hang them up to dry, and they will be 
*ady for use, and better than any powders, (7) Add by degrees 8 oz, pre[*ared chalk 
to fine powder to a mixture of 2 oz. spirits of turpentine, I oz. alcohol, 4 oz. spirits of 
^saiuphor; and 2 dr, aqua ammonia; apply with u sponge, and allow it to dry before 
ix-LuLing. (8) Mix together 1 ox. fine chalk, 2 oz, cream of tartar, I oz. rotten stone, 
1 m, red-lead, and | oz. alum ; pulverize thoroughly in a mortar, Wet t\\% 
tub it on the silver, and, when drj, rub off with a dry fl.aune\ > ot ctawx V\V\\ rv 
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brush, (3) An excellent preparation for polishing plate may be made in the foltnwitif 
manner:—Mix together -t oz„ epirits of turpentine, 2 oz. spirits of win*', J oz. spirits n ! 
camphor, and J ox. spirit a of ammonia. To this add 1 lb. whiling, finely powdered sud 
stir till the whole is of the consistency of thick cream. To use lliia preparation with • I 
clean sponge, coyer the silver with it, so as to give it a co.it tike whitewash, fki tl»* 
silver aside till the paste lias dried into a powder; then brush it oft* nod polish with » 1 
chamois Ieath< r. A cheaper kind may be made by merely mixing spirits of wine uni , 
wbittng together. 

Prepared Chalk ,—(1) Pulverize chalk thoroughly, and mix with dial died water la the | 
proportion of 2 lb. to the gab; stir well, and then allow it to stand about 2 mismipw 
during which time the gritty matter will have settled to the bottom; then jwtf tk 
chalky water into another vessel, being careful not to disturb the sediment, and oik* 1 
the fine chalk to settle to the bottom ; pour off the water, and place the chalk m a nun 
oven to dry. This is an excellent powder for restoring silver, and it is al*> useful ti • 1 
base for other polishing powders. (2) Spanish whiting treated in the same manner, wtti i 
a small quantity of jewellers 11 rouge added, makes a powder that is a little sharper this 1 
the prepared chalk, and which is well adapted to cleaning polished steel nrtkti* j 
(3) A third powder, and one that is still sharper than either of the above, is tuxdo «f 
rnttotutone treated in the sumo manner m the chalk. The addition of bunt block k I 
any of these powders will prevent their discolouring leather. , 

Puffy Powder .—A solution of commercial tin chloride is prepared by pouring )* 1 
1 part of the suit 6 of boiling distilled water, and the solution is filtered through* 
cloth into a cylindrical glass vessel, in order to allow the foreign substances which #*• 
some times found in the chloride to deposit The filtration by means of filtering^** | 
is too slow, and it is always attended with the hiss of a siibehloridti which iW* notf*i j 
through filtering-paper; therefore this filtration is not practicable, and umy be run- i 
pletety replaced by pacing the solution through linen, Into the still bet an«l 
clear eolation oT tin chloride is poured n concentrated solution of oxalic acid , a wbit# 
precipitate of oxalate of protoxide of tin is formed. After complete cooling, the liq** 
is decanted, nnd the precipitate is washed on u cloth with cold water until the wasting 
water has no lunger an acid reaction. The tin oxalate is afterwards heated, dr.ol 
an iron plate, or in a boiler of the same metal, over a small charcoal fife. The <Jco‘ 0 - ’ 
position of the salt commences at red heat, and there remains, after the dfsengsgvnK'st 
of carbonic acid gas, and carbonic oxide, a quantity of tin oxide in the state of eXtrrfw 
division. During the decomposition, which must be accelerated by attiring with anh® | 
wire, tho mutter undergoes a considerable increase of balk, consequently It koeMf 
to employ for this operation very spacious veasels, so as lo avoid loss. (Witt) 

Razor Paste, —(1) Mix fine emery intimately with fat and wax until the pfOfW 
consistency is obtained in the paste, and then rub it well into the leather strap. Fivjsf* 
the emery by pounding thoroughly in a mortar the coarse kind, throwing it into a | 
jug of water and stirring well. Immediately the large particles have sunk, p ur <f 
into a shallow plate or basin, and let the water evaporate. This emery is better ■'* 1 
engraving and other purposes thun that prepared at the emery mills, (2) Tin,' gw 
from n flue grindstone is very efficient for a razor paste. (3) Levigated oxide "f k® | 
(prepared putty powder), I oz,; powdered oxalic acid, \ ox.; powdered gum* 20 r- 
make into a stiff paste with water, and evenly and thinly spread it over the strop. Vdk 
very little friction, this paste gives a line edge to the razor, and its efficiency i* phU j 
further increased by moistening it (4) Emery reduced to an impalpable powder.2pi**; 
spermaceti ointment, 1 part; mix together, and rub it over the strop, (5) Jewelkt* 
rouge, black-lead, and suet, equal parts ; mix. 

floUenstomi (Trfpolf),— This very useful polishing medium is a natural prc*l®^ I 
originally obtained from Tripoli, from w\Ac\i it derives its name. It b of a yellow* 
grej coloUTf and its partieLft w \nvpa\^a\!V| \jftfcQt6 W* jolitof 
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er, brass, anti other metals* When examined tinder a powerful microscope, it is 
nd la be composed of the skeletons of RnimalcizJrc* It is found in Derbyshire, Bohemia, 
mee, Corfu, Ac,, but that which comes from tne letter pluee is considered by some 
wmia nsjhe beat for polishing braes and other metals, It is used either with water 
nil. more generally with the latter, and is applied either with a leather or a huff-slick 

* flat piece of wood having a strip of soft leather glued to it on one side. In largo 

* ration*, the prdhhing Is done at a Lithe worked by a treadle or steam power. Alter 
big P&iteustoue and oil in the polishing of articles of jewellery or plate, the article 
afterwards “finished" by hand or machine with jewellers 7 rouge. The rouge is 

oUtened with water, and when this is rubbed on the article previously polished with 
►ttenstooe, a brilliant surface is produced with very little labour, and articles of silver, 
fsctiopUte, gold, and gilt work assume under this treatment the highest degree of 
-igh tneaa which they are capable of receiving. (Walt.) 

ifovge.—i(1) The rouge used by machinists, watchmakers, and jewellers is a mineral 
lUtanre. In its preparation ©rjitali of sulphate of iron, commonly known as copperas, 
re heated in iron pots, by which the sulphuric acid is expelled and the oxide of iron 
?malm. Those portions least calcined, when ground, are used for polishing gold and 

i These are of a bright crimson colour. The darker and more calcined portions 
wo as crocus, and aro used for polishing brass and steel* For the finishing 
of the specula of telescopes, usually made of iron or of steel, crocus is invaluable; 
a spleudtd polish* (2) Others prefer for the production of rouge the peroxide 
precipitated by ammonia from a dilute solution of sulphate of iron* which is 
corn pressed until dry, then exposed to a low red heat and ground to powder. 
«ig© suitable for fine work may be mode by decomposing a solution of sulphate 
frith oxalic acid also in solution; a precipitate of oxalate of iron falls, which 
will Wiishcd and dried ; when gently heated, the salt bikes fire, leaving an 
bln powder of oxide of iron. 

)d.—Polished woods are chiefly employed in furniture making, lienee wood 
are most commonly known as furniture creams* They are also often termed 
polishes* The operation of wood polishing constats in nothing more than the 
ion of a solution of lac in spirits of wine—by means of o rubber made of cotton 
1 calico rag—over the surface of wood, using pressure, until the pores are entirely 
ud the strata oF deposited resin adhering form a smooth, hard, and brilliant 
The first operation in polishing is called h fllHogdn"'—that is, some substance, 
an polish, is rubbed into the pons or the wood to economize time and materials: 
kbit is ih© foundation on which the superstructure is built - consequently it is 
«11 importance, as good beginnings generally make good endings* The general 
f filling-in are mulliform, (be following being a few of them ;—Plaster of Paris 
[mt common ingredient, and is thus used. Roll up a piece of rag into a rubber, 
it with water, dip it into Iho plustor, taking up a goodly supply, and rub it well 
pores, bit by bit, until you have as it were plastered or whitewashed the article 
are nil over, taking care, however, to wipe off the superfluous plaster with 
piece of dry rag, before it sets; otherwise there will be difficulty in getting an 
rfiic© without much papering. When this is done let it stand illl thoroughly 

her method is to beat up some plaster in water sufficiently thin to prevent setting 
, mad go over the wood with this as before* Some beat up plaster in linseed-oil, 
that alone i while another adds a little polish stirred into the above, to cause it 
little quicker* Another compound is Russian fat* platter of Paris, and some 
to suit the wood it is intended for; these are heated together and laid on hot, 
If the superfluous mass with mg* The only advantage in the two last being, 
ahitig can be commenced upon them directly, whereas tW 
even utilize mutiou-mut id ita aoj td form, to rub VaW Hbfr 
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size, and stir in plater* using this hot, which is as good as any ; for, when dry, it dua 
not absorb so much oil &b the plaster and water methods, 

A system that was practised for some years consists in dissolving alum in cold water 
until the water will take up no more ; in other words, a saturated cold snlutam; powki 
Mme whiting, and pour into it the alum solution; decomposition with eflervesce&or tabs 
place, the sulphuric acid quitting the alumina, and seizing the lime by its *ut*u>* 
affinity, driving off the carbonic srid, which is act free, thus producing sulphate of lias; 
with a little alumina and potash, or ammonia, instead of carbonate of lime and sulfide 
of alumi na. 

This is cheap, easily made, and is a powerful astringent; contain lug more odd fbft 
plaster, which is also sulphate of lime with the greater port of its acid driven off by 
heal 

The next operation consists in oiling the wood with linseed-oil; but previnua to fin 
it should be wall papered with glasspaper No. 1, or coarser if required; then lab i 
piece of cotton wool, saturate it with the oil, ami go carefully over every part that *iiow» 
while from the fllling-iu, taking cure to “ kill ’* that filling-in, as it u called* crtnUllj 
obliterating it. This done, wipe all the superfluous oil otf, thoroughly; bearing in nri&h 
the less there is of this iu yotir foundation, the more solid will be youo^work. 

Now roll up a piece of cotton wool into a compact and suitable rubber, pour into fr 
as much polish as it will hold ; cover it over with a piece of open calico rag, and pi* 
this over every part in a horizontal direction, floating the surface with polish, wind* 
must then he set aside to sink and harden. There should be no attempt at polishiBg in 
tliis operation, the first consideration being to obtain a good concrete to build upon 

When properly dry, the fibre, which has risen from the floating coat of polish, fBttt 
lie thoroughly papered down with glasspaper No, and if upon a flat surface, a f*fk 
rubber will be ncce^ssry: for no work, however highly-laboured out, will a*>pure ia 
even and proper surface unless it is well grounded, A practical man know* U* 
importance of this; how it saves him time and labour; therefore he is very cartful Jvc* 
to begin polishing before bis foundation is perfectly satisfactory. This being to, tto 
process of polishing is commenced. The rubber used for floating the work will ant** 
(or ibis purpose, provided it has been kept moist by excluding air from it. 

The rubber being charged with polish much leas copiously than in floating, a pisted 
calico rag is placed over it, and so twisted up, that the excess of rag and rubber ifl 
confined in the palm of the hand ; and with this arrangement the polish is conveyed to 
the wood. The polisher now proceeds to body-in his work, using, occasionally, punitr 
powder sprinkled over the surface, which not only keeps that surface smooth,,'N j 
materially arista in filling the pores; in fact, it is invaluable in the hands of * 
skilful man. 

As a solid foundation is a great desideratum, he applies as little oil as poeatli; 
just sufficient to prevent dragging of the rubber, which would produce a harsh awl 
uneven appearance. The natural repugnance between oil and spirit, os manifested m 
their unwilling amalgamation, is strong evidence against their friendly union by com¬ 
pulsion ; therefore, to prevent serious eruptions, no more is used than the polish m 
conveniently neutralize. Rubber after rubber is applied with varied pressure, at* 
lightly, now heavily, working in small circles, a beautiful dull smear following tU count 
os the surface approaches to fulness; the rubber slightly biting, partly from the adln*uc 
nature of the polish, but more from the partial vacuum produced by the fist rubber so 
the smooth surface of the wood. The pores being filled, and the work presenting s 
solid and compact body, it is set aside for some hours to settle and harden. In a day of 
two the polisher hikes it up again, and although full when set aside, it is not so frit 
now, having slightly sunk, and showing just a little of the pores. With No, 0 paper k* 
frees the surface of any slight imperfections that may appear, or if it b at all troaHisfiutfcfJ 
or presents an uneven surface he euU ft iowu vftfk i\uR^Nt V in order that it 
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finay with this body be perfectly level and mtrrordike. This done, be proceeds an before 
to body-up the work, using great care in working it tip to a point approaching a fining 
WU dear, and hard ; so that it shall require aa little wetting us possible at the next, a 
Juiahing coat; which done lie acts it aside again to harden. 

On taking it up again, he removes any dost that may have settled upon it, by wiping 
it all over; thus alao removing any little oil that may have sweated out from the 
previous operation, He then selects an old rubber, one that hua become dose and 
compact from long nee and pressure, from his rubber canister, where he keeps various 
sixes to suit the area of his work ; this canister being fitted with a cover, excluding sir, 
te**pe the rubbers constantly moist and ready fur use. The why and wherefore of that 
eld rubber ia this: by the closeness of its texture, it has a lass capacity for polish, and 
consequently gives that polish out much more sparingly thnu would a new one, made of 
the same material; and as in this final operation there must be no approach to wetness, 
its me is obvious. He charges this rubber with 1mlfraud-half, that is, half polish ami 
half clear spirit, only just sufficient that when forced into the rubber by squeezing, it 
nil all be a little moist: for if the body ia wetted, it will re-dissolve, und greatly deteriorate 
thu quality of the finished surface. Placing over his rubber a piece of soft calico rag, 
and twisting them up in a proper manner, with a drop of oil applied to its surface, he 
passes it over the work in a horizontal direction until the whole has received a portion, 
and the rubber is in a fit state to be worked* He has now arrived at the moat important 
part of his work, namely, that of giving to it that unexceptionable glaze, which is the 
genuine stamp of a well finished piece of work. 

The polisher exercises the utmost core and ingenuity in the manipulation of hia 
rubber, judging of its proper working by the dull, satiny smear, as be calls it, following 
tlie coarse of his movements; which dull smear consists of an inconceivably fine stratum 
of resin, the spirit from which is driven off by friction, assisted by temperature* Two 
chargings of the rubber should be sufficient for this operation, and with these he so 
elaborates his work that, the rubber being completely dried out, the surface of his work 
is smearless, hard, und brilliant; and should require nothing more, although it is 
customary to give it a final touch by means of a rubber of soft calico rag, slightly damped 
with clear spirit, and passed lightly over ihe surface until dry. 

Work thus executed will stand for years, creditable both to the workman who did it, 
and the employer who turns it out r the only thing required to keep it in order being to 
keep it clean and dry by frequent wiping with soft dusters. 

It ia certainly much to be regretted that such a thing as time should interfere to mar 
work which otherwise could be made exceedingly beautiful; especially with a trade in 
which time itself ia such an essential and even indispensable requisite; yet such is 
the ease, and the consequence is, that 90 per cent, of those employed in poifahing are 
totally ignorant of what degree of proficiency they are capable. In the preceding 
example, rules are given limiting the operations lo three; but in the simps of good 
firms that number is often exceeded ; while in minor houses it oftener consists of one or 
two. The carrying out of the foregoing work iu polish mg-skopa is usually as follows: 
the filling-in, the oiling, und often the floating, are done by the boys, or learners: the 
bodying and finishing by the men. 

The original recipe for making it is os follows* To l pint spirits of wine add § oz* 
shellac, } ox* lac, J or. eandarach, placing it over a gentle heat, frequently agitating it until 
the gums are dissolved, when it is fit for use. Blake a roller of list. put a little of the polish 
upon it, and cover that with a soft linen rag, which must be slightly touched with cold- 
drawn linseed-oil. Rub them on the wood in a circular direction, not covering too large 
a apace at a time, till its pores are sufficiently filled up. After this, rub in the same 
manner, spirits of wine, and a small portion of the polish added to it, and a most brilliant 
effect will be produced. 

The original process with little variation, or simplifying, ^ 
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not because it is so perfect as not to admit of improvement, for it hat never b*fi 4 
compounded that surfaces produced from it would resist a very high degree of toft 
without suffering partial decomposition, and consequently it could not be employ*! *ur 
many purposes which otherwise it it desirable that it should be, but chiefly Wat* 
those who make polish — that is* the wholesale makers—are not themselves sufliettutlr 
acquainted with ltd requirements. 

With regard to its lustre-yielding properties, it is everything that c m be desired; 
and surely the resources of chemistry would not ho exhausted in discovering n imediiftf 
that would make it more impervious to heat. In the hand* of competent persons it ii 
not unreasonable to suppose that some beneficial result might lie arrived at, nacmd?, 
the combination of a heat-resisting with its lustre-yielding properties* As an ?ismpb 
of what is required, one may point particularly to the dining*table* of the antc-Ffnrfe 
polishing period, which were brought up to a marvellously brilliant surface by d 
linseed-oil aud years of hard rubbing, a surface that wnuId resist equally the h^i 4 
the hot dishes and the tdeklinga of wine from the decanter*. The lac subsiniH*, of 
itself a yellowish-brown colour, semi-transparent, and very brittle, produces, *bri 
dissolved in spirits of wine, a solution of a yellowish-brown colour, which, when 
*o wuod» of various and delicate shades, such as the white, silver, gold, purple, blurML, 
which enter into marquetry, w m found to communicate a false hue, and tended to oat 
the harmony it was wished to improve. Hence arose the necessity for bleaching it. *» 
that a solution might l«s prepared suitable far any combination of colours witksl 
destroying or injuring their effect But, m there is no good without an evil, the piw* 
of bleaching tic Is very detrimentally on the more soluble constituents of the lac, dephriof 
them of u considerable portion of their original body and density. 

This U easily proved by pouring a solution frotn one bottle to another, when it fit 
be seen to How in a light, frothy4ike stream, much leas dense than a solution 4 Ua 
unbleached article. Further evidence is in the fad that polishers using it in high ^ 
peratures are commonly heard to stiy that they cannot gtd it to lie Hat, a tern ** 
applicable and correct us any, perhaps, when carefully examined; fur the beat, atthj 
upon the chlorine, which has undoubtedly entered into combination with It m tin. 
cess of bleaching, causes that gns to expand, so that the more polish he applies tie 
more gas he has to contend with, in impeding that cohesion uud crystallisation which 
he is endeavouring to bring about. 

Polish, under its most favourable conditions, is a compound ao liable to change 
varialions of temperature, humidity, pressure, &c., that makes its use very variable rA 
uncertain. Lac in its dry slate, and iu a tenqieratura higher than is ever requirrd N 
polishing, is totally unaffected ; but put into boiling water, it speedily become- Ml 
plastic, and on heiug removed from the water resumes its original character of lianiniw 
quickly, from its inferior capacity for heat. Not so is it with spirits of wine, il* n*^ 
Itrunm; this has an extraordinary capacity for heat, insomuch ns that it will volatile 
in the ordinary state of the atmosphere. Us briskness increasing with incmiw ^ 
temperature. 

Now, although boiling w'ater has no action on hie, other than to {often it far Ifa 
time it is immersed in it, having no power to dissolve it of ifaelf, slill that substaL** 
very differently affected when in combi nation with spirits of wine. Its true solvent 
strong ufHuity for heat of the spirit entirely overcoming the feeble capacity far il ta d* 
lac; and so strong is the affinity of the spirit for the lac, that it sej smites its k&t J*** 
lions from that substance, when fairly combined, with the greatest difficulty, Thu* d# 
necessity, in polishing, of a moderate degree of heat, to assist that produced by U** 
friction of the rubber, in forcing out that clinging jwrtion of spirit Ix-fore solidity end 
brilliancy can be obtained. 

The most favourable temperature for polishing appears to be (10-70^ F. (16-21* Ch 
ween ding above this, one povtion of thu spirit evaporate before n pr®j>cr distributi 11 
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the can be brought about, while the other portion, which adheres 6ft tenaciously 
that substance* impedes its solidification, Descending below that degree, there is a 
adenejr in the materials to chill, the more especially if the room in which the work 
dune be at all damp, the activity of the evapnmtion being cheeked by the absence of 
At utc^saary for its convey mice. This Is un evil more easily remedied than the former, 
in most cases oil that is required is to light a fire, and by that means supply the 
ficieney. Not so convenient would it be in the height of summer, with the thermometer 
dilating S0 C or fttT F,, to remove the work to an ice-house; and being so removed, the 
m«iy would be worse than the evil. But of all the injurious influences attending 
tdling, none is comparable to humidity. If the atmosphere be saturated with 
ubtare, as it not un frequently L% when the cloods, or aqmous vapour, instead of being 
jf^od up in the sky, hang about the earth's surface, even though the thermometer 
amis At 70° F*, as favourable a point as any, polishing becomes extremely difficult; 
r materials appear to be so completely neutralized, o> to render them incapable of 
♦tfunuing their office* Increased pressure and friction seem inadequate to snpply or 
ake op for the atmospheric derangement. The cause of this may perhaps bo thus 
[plained :-“AJl liquids iti becoming solids part with beat Now this liquid, being 
impounded of spirit, not only has it become enfeebled, being spread on a surface, nnd 
ms exposed to a body for which it 1ms the strongest affinity, but becomes so diluted by 
, that it has lost in a great degree the power of evaporation or means of parting wilii 
eat, consequently assuming the solid form with difficulty. 

Atmospheric pressure ia undoubtedly the surest guide to the experienced polisher, 
lowing him the power nature is employing for his advantage, or detriment; for, 
irefully observing the movements of the mercury, he will not fail to rouble the fact, 
iat ils it ascends his labour wilt be considerably lightened, while, on the other baud, it 

I be greatly augmented by a corresponding depression—regard being paid, of course, 
superstore, 

I may be proper, however, to acknowledge that this theory rests on supposition. It 
terthelr*# a fact, ihat when the air is most suitable to ourselves — when it is bracing 
buoy ant—in fusing as it were more life into us, it is also found to be more suitable 
be performance of our work* It must not, however, be inferred, from these remarks, 
polish will not work under the influence of theH3 atmospheric changes, for it is found 
u pa in our climate, even under its extremes! fluctuations; but what is meant is, 
it* effects are less under a low than under a high pressure, in a moist thou iu a 
iltmisphere, and either in a low or high temperature, than in a medium one, Tim 
t of this may be thus explainedBy pressure, the polish U condensed, the spirit 
g off to find its natural level, and thus favouring the solidification of the exposed 
m of resin. The dry atmosphere offer* facilities for the escape of the spirit; whilst 
moderate temperature so regulates its volatility that it neither pusses off before the 
i can be properly worked, nor remains inactive iu discharging the necessary amount 
inlin e Kdidificatiou* 

r fom observation! of the effects of polish, together with its daily use, the following 
lesions present themselves, niimely, that it is not in the nature of the materials, 
i present compounded, to withstand the antagonistic influences constantly *>ppf*td 
ictn; that the effects produced on polish by variations of temperature, show the 
»iiy of so preparing it aa to render it proof against such change* ; and, finally, that 
so prepared as to withstand a much higher degree of heat than in its present simple 
it i« aide to do* (John Dalton,) 

lie following directions fur poli&ldng are said to represent the practice followed in 
United States* It should be remembered that as regards the polishing the different, 
itic conditions should be allowed fur, as the normal dryness of the atmosphere in the 
led States favours many processes in polishing which require special conditions in 
ibis country* Iu preparing and filling-!u, first see that the work its *\wA\\ wtA 1 \va 
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from dust* then oil the parts to be polished with raw linseed^il, and prepare fjlling-tJi 
That is done with a mixture of whiting and turpentine mad© into a paste; mb wtil 
Into the grain of the wood with a piece of rag or tow, and wipe < 3 1 ©an off For mahec^J. 
add rose pink to colour: for oak, birch, and ash, add a little yellow ochre. Work tala 
polished white requires no colour in the filler. For polishing, prepare a rabbet d 
cotton-wadding ; in size according to job; wet it with polish, and, with the point of tb* 
linger, put a little raw linseed-oil on it, then cover the rubber with a piece of rai: , laut 
the end of the rag and keep it light over rubber, and proceed to rob the job orw in * 
circular direction, keeping rubber constantly in motion: when dry, wet it again, ik + i 
oil, and continue to work it until a sufficient body of polish has been obtained, then jUa 
it on one side for about 12 hours to sink. Polish always sinks after being bodied-ujx h 
spiriting off or finishing, if the work he sunk in before spiriting, give a few rabbem </ 
polish, then prepare a rubber the same ns for bodying-up, and wet it with proof alohd 
from a bottle with a little cut out of the aid© of the cork* so that the spirits will tb* J )i 
©ut: 3 or 4 drops will be enough for a learner to put on at one time. Take cur- the 
rubber is not too wet, or it will soften the polish and tear it up* When the rubber k 
nearly dry, rub smartly until all the job is clear of oil and rubber-marks. No oil i» wd 
in finishing, Varnishing is done with a camel-hair brush for turned or carved wort 
First give the work 2 or 3 rubbers of polish, and then, having stained the varnish, proved 
to give Ihe work n coot, passing the brush smartly over the job, taking care to kt*p it 
level, aud do not go too often over the same place; 2 or 3 coats may be given in tin* nos 
manner, rubbing down after each coat with fine glasspapor. Work that is vamubal 
should stand 12 hours before it is handled. For glazing, prepare the rubber the 
us for polishing, but make it much wutter, and pass it smartly over the work from tirkS 
to left. Always begin at the same end of Ike job, and bring the rubber straight to 
either end in oue stroke ; do nut go too often over the same place or yon are apt to l«f fc 
up. This is used tor caramon work in place of spiriting, and for mouldings, Ac. A s&liW * 
of spirits, passed quickly over a job that has been glazed, very much improves it, tti 1 
makes it smooth* but it must be done very lightly and quickly, and pushed straight op 
and down, 

A correspondent of the Boston (tJ.S.) Cabin,d-Maker gives the following details of II* 
methods of polishing wood* He first describee the method of polishing pianos msd tn 
all first-class factories. The same process will answer for any other piece of furniture I’j 
merely substituting for the scraping, where scraping is not practicable, a filling, pmptrij 
coloured. First* give the work 3 coats of scraping or No. 2 furniture varnish, aUswiutf 
each coat to becume perfectly hard before applying the next; then scrap© off the laraiil 
w ith a steel scraper, properly sharpened on an oilstone, and in scraping bo careful O'rtts 
cut into the wood, but merely remove the varnish frum the surface, leaving the 
filled. Smooth with No. 1 sandpaper, and the work will be ready for the potfchiift 
varnish, 4 coats of which must be put on, allowing each coat to harden. To deUrui£*» 
the proper time required for the hardening, one coat will not be ready for the next unul 
it i 4 i to hard that you cannot make any impression on it with your thumb*nail, TV t 
coals having been put in, and the work having stood a few days—ami the longer the 
better—rub down with fine-ground purmcc and water, applied with a woollen mg, TW 
work must bo rubbed until all lumps and marks of the brush are removed ; wash off with 
a sponge mid dry with a chamois skin ; let the work stand out in the open air for n day 
or two* taking it into the shop at night. The work should now receive 2 coats toori of 
potishing varnish and a second rubbing, after which it is ready for polishing, Funaitur* 
may he jxjlishcd after the first rubbing, and in that case tire polishing is performed wilk 
lump rottenstone and water applied with a woollen mg. Put plenty of rotteustuae to 
your work, with water enough to make it work easy. Rub until all marks and rcratcbm 
are removed. Rub the rotten stone off with your bare hand, keeping the work *«* 
Vr/ia£ cannot bo removed with the hwud off with m sponge. Afar 
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tying with A chamois skin, bring up the polish with the palm 6t your hand, moving it 
ightly and quickly, with a circular motion* over the work. Clean up the work with a 
pieo? of ao ft cotton* dipped into sweet oil, and lightly touch all the white spots and marks 
t*f th© rotteustone. Remove the oil with wheat dour, applied with soft cotton* and 
finally dust off with a sort rag or silk handkerchief. The following method is known as 
the Shellac or French Polish* In preparing for this process, add to 1 pint shellac varnish 
2 tables pooufuls of boiled oil; the two to bo thoroughly mixed. Lf you want tho work 
4ark add ft little burnt umber ; or you can give the work any desired shade by mixing with 
the shellac the proper pigment in the dry state. Apply the shellac thus prepared with 
u Moall bunch of rags held between your Ungers* In apply in git, bo particular in getting 
it on smooth and even, leaving no thick placet or Tjktches* Repeat the process continual ly 
until the grain is filled and the work has received sufficient body. Let it stand a few 
IiotiT* lo harden, and then rub your work lightly with pumice and oil, applied with a rag* 

,A very little rubbing is required, and this is to be followed by the cleaning of the work 
writh rags aa dry a a possible* With a piece of muslin wet with alcohol, go over the work 
t£ or 3 times, for the purpose of killing the oil* Have ready } lb* pure gum slieliao 
•dissolved in 1 pint 95 per cent alcohol. With this saturate a pad made of soft cotton, 
wavered with white muslin, and with the pad thus formed go over your work 2 or 3 times* 
*2 'q become proficient in ibis work, practice and close attention are required. 

The following are recipes for furniture creams or French polishes.—(1) 1 pint spirits 
wrf wine, J ox* gum copal, f or** gum Arabic, 1 ox. shellac. Bruise the gums and sift them 
through a piece of muslin* Place the spirits and gums together in a vessel closely corked, 
irirtir a warm stove, and frequently shake them; in 2 or 3 days they will be dissolved, 
Strain through a piece of muslin, and keep corked light (2) Shellac, 6 oz.; naphtha, 

1 qt*; benzoin, | ok* ; sandnrnch, 1 ox. (3) Dissolvo H oz. shellac, l oz. sandaroch, in 
4 pint naphtha. To apply the polish, fold a piece of flannel into n sort of cushion, wet it 
wrdl with the polish, then lay a piece of clean linen rag over tho flannel, apply one drop 
tinned oil; rub your work in a circular direction lightly at first. To finish off, use a 
link* naphtha applied the same os the polish* (4) Pale shellac, * 2 } lb,; mastic and s&nda- 
Wirlu each 3 oi; spirits, 1 gal* Dissolve, and add copal varnish, 1 pint; mix well by 
Agitation, (5) Shellac, 12 ox.: wood naphtha, 1 qt.; dissolve, and add £ pint linseed oil* 
Crush 3 ox. shellac with £ oz. gum mastic, add I pint methylated spirits of wine, and 
*li«olve. (7) Shells 12 ox.; gum elemi, 2 ox*; gum copal, 3 oz.; spirits of wine, 1 gal*; 
wfhwoire* (*l) Shellac, 1J oz.; gum juniper, | ox*; benzoin, J ox*; methylated alcohol, 

§ pink (9) 1 oz* each of gums maatic, sandarach, seed lue, shellac, and gum arable, reduce 
powder; then add \ oz, virgin wax; dissolve in a bottle with 1 qt* rectified spirits of wine. 
X^t stand for 12 hours, and it is then fit for use. (10) 1 oz. gum lac, 2dr* mastic in 
vin>paL 4 dr* smdaruch, 3 oz* shellac, § oz. gum dragon* Reduce the whole to powder* 

<11) Yellow wax, 4 oz*; yellow soap, 2 oz*; water, 50 oz*; boil, with constant stirring, and 
Add boiled oil and oil of turpentine, each 5 oz* (12) Boft water, 1 gal.; soap, 4 oz .; 
white wax, in shavings, 1 lb. Boil together, and add 2 oz. pearl ash. To be diluted 
with water, laid on with a paint brush, and polished off with n hard brush or cloth, 
<I3) Wax, 3 oz*; pearlaab, 2 oz.; water, C oz* Heat together, and add 4 oz* boiled oil 
and 5 oz, spirits of turpentine. (14) Raw linseed oil, G oz.; white wine vinegar, 3 oz*; 
x&ethy luted spirit, 3 oz. ; butter- of antimony, J oz*; mix the linseed oil with the vinegar 
by degree*, and shake well so ns to prevent separation; add the spirit and antimony, 
and mix thoroughly* (15) Boiled linseed oil, 1 pint; yellow wax, 4 oz*; melt, and 
colour with alkanet root* (1G) Acetic acid, 2 dr*; oil of lavender, \ dr*; rectified 
♦pint, 1 dr,; linseed oil, 4 oz* (17) LiuBced oil, 1 pint; alkanet root, 2 oz.; heat, strain, 
mnd add loo varnish, 1 oz. (18) Linseed oil, I pint; rectified spirit, 2 oz.; butter of 
antimony* 4 oz. (19) For Darkening Furniture*—1 pint linseed oil, 1 oz, rose pink, 1 oz. 
alkaliet root, beaten up in a metal mortar ; let the mixture stand for nt 
pour off the oil, which will be found of a rich colour, (20) Or, mix \ uz. vittoamek v&X 
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with 4 oz* shellac varnish, 2 oz. turpentine, 2 oz, scraped beeswax, and 1 pint linaaa 
pil: this should stand a week- (21) Reviver.—Pale linseed oil, raw, 10 or.; lac wm# 
and wood spirit, each 5 oz* Mix well before using. (22) For Turners’ Wotk*^B*teUr 
1 oz, sandaraeb in £ pint spirits of wine ; shave 1 oz, beeswax, and dinolvc it ii 
sufficient spirits of turpentine to make it into a paste, add the former mixture (a it h 
degrees: then, with a woollen cloth, apply it to the work while it is in motion in tbs 
lathe, ami poliah it with a soft linen rug; it will appear as if highly vuiuskd, 
(23) Mahogany.—Take l pint furniture oil, mix with it | pint spirits of turp^Uw 
and \ pint vinegar ; wet a woollen nig with the liquid and rub the wood the war of tb 
grain, then polish with a piece of flannel and soft cloth. (24) Melt 3 or 4 pieew 1 4 
sandarach, each of the 0120 of a walnut, add I pint boiled oil, and bod tqgetbsr for 

1 hour. While cooling, add I dr. Venice turpentine, and if too thick a litth oil uf 
turpentine also. Apply this all over the furniture, and after some hours rub it off; rail 
the furniture daily, without applying fresh varnish, except about once in 2 months 
Water does not injure this polish, and any ftain or scratch may bn again covered, VniA 
cannot be done with French polish, (25) For Wainscot.—Take as much beeswax il 
required, and, placing it in a glazed cart hern pan, add as much spin fa of wine as wifi 
cover it, and let it dissolve without heat. Add cither ingredient us is required, to frdoc* 
it to the consistence of butter. When this mixture is well rubbed into the grain <i ths 
wood, and cleaned off with clean linen, it gives a good gloss to the work* (26) Ti# 
Carved Cabicet-work.—Dissolve 2 oz. seed lac, and 2 oz. white refill, in 1 pint spirit* % 
wine. This must be laid on warm, and if the w ork can bo warmed also, it a ill iv « 
much the better; at any rate, moisture and dampness must be avoided. Used with * 
brush for standards or pillars of cabinet-work. The carved parts of cabinet-nort « 
also polished thus: varnish the parts with the common wood varnish, and having Urr*e4 
them off where necessary with emeiy paper, apply the polish used for the other parti 4 
the work. (27) Copal Polish.—Melt with gentle heat finely*powdered pin copi), 4pu*A 
and gum camphor, l part, with ether to form a semi-thud mass, and then digest wnii« 
sufficient quantity of uicohoL (28) French Polish Reviver.—Linseed oil, | pint; 

of camphor, 1 oz.; vinegar, 2 oz,; butter of antimony, oz,; spirit of Imrtsluen, * nt 
(29) l gill vinegar ; 1 gill spirits of wine; 1 dr, linseed oil. (30) Naphtha, 1 lb, ; shdbc, 
4 oz .; oxalic acid, J oz. Let it stand till dissolved, then add 3 oz, linseed oiL (31) \**Aa 
—To keep wood light, scrape { lb. beeswax into pint of turpentine. By addins Im** 
oil the wood is darkened* (32) Dissolve 6 oz; pearlaah in 1 qt„ hot water, uLl f N 
white wtt*7 and simmer for | hour in a pipkin; taka off tho fire; and when cod, tis 
wax will float; it should be tufeeu off, and, with a little hot water, worked ink • 
piste, (33) Ikes wax, spirits of turpentine, aud linseed oil* equal parts; melt and e*4, 

(34) Beeswax, 4 oz.; turpentine, 10 oz.; alkanet root to colour; melt and 

(35) Digest 2dr. ulkn.net root in 20 oz* turpentine till the colour is imparted; add yelk* 
wax in shavings, 4 oz.; place on a water bath aud stir till the mixture is cempM* 

( 36 ) Beeswax, lib.; linseed oil, 5 oz,; uikanet root* 4 oz.; melt, add 5 oz. of turp«fitfi^ 
strain and cool* (37) Beeswax, 4 oz,; resin, 1 oz.; oil of turpentine. 2 ox.; Vrnt&3 
red to colour. (38) 1 lb* white wax; 1 oz. black resin; 1 ox allmuut root; and JO* 
linseed oil, (33) I lb, yellow wax, 2 oz. yellow soap, 2 pints spirits of torprtilus, 

2 pints boiling water; melt the w’ox and soap over a slow fire, add the turpentine i*l 

lastly stir in the water gently till it is quite cold. (40) 14 lb, beeswax, 4 pints •ptnli 
of turpentine; dissolve in a closed vessel by menus of a wub-r bath, and add 1 & 
common sonp previously dissolved in 4 pints water, and stir well together till tifisji) 
cold, (41) 5 oz, yellow wax, 1 pant turps, oz. Castile soap; cut the becsvai ® 
small pieces, and dissolve in tire turps by a gentle heat; when nearly cool, odd fi*> 
soap ( first powdered and rubbed up with 2 oz. water), stirring continually till it Worn** 
thick, (42) 2^ oz, yellow wax, 1 oz, white wax, 1 oz. Castile eanp, 10 oz. iurpeLUn* at 
10 oz* boiling water, l dr. putuaU ^xheuwVi \ wreYi, and turpentine mgrdnf, 
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Absolve the soap and potash carbonate in' the water and mix while warm, stirring till 
cold* (IS) Beat 5 lb, stearin out into thin sheets with a wooden mallet, and mix with 
T IK oil of turpentine, after which subject tho mass to a water bath and heat up; when 
be*, add | oz. ivory-or bone-black, stirring well to pre vent crystallization* To cool it off, 
it aliotild be emptied into another vessel and stirred until cold. To use, warm it until 
it Is reduced to a liquid state, and apply in email quantities with a cloth ; after wards rub 
it well with a piece of ai!k or Hnen cloth to bring up tho polish. (44) A good polish 
for furniture, to use upon new wood for band polishing, in place of French polish, but 
one that requires constant manual labour, may he made of beeswax and turpentine spirit 
melted together, with ml sunders wood to colour R* This has been tried for many years 
and well repays the trouble attending it. It should not bo used upon work that has been 
French polished, but tbc following will be found better than most that can be bought 
tor reviving the brilliancy of French-polished goods. Take equal parts of turpentine, 
vinegar, spirits of wine (methylated), and raw linseed oil, and place them in a bottle in 
the order in which they are mentioned; great care must be taken in this last particular. 
If not, the mixture will curdle and become useless. (Smltber,) (45) Derby cream is 
made by adding 6 oz, linseed oil to 3 oz. acetic acid. This is agitated well, and § oz. 
butter of antimony and 3 oz. methylated spirit are added, (46) Soft water, 1 gal, * 
soap, 4 oz.; beeswax in shavings, I lb. Boil together, and add 2 oz. pear lash. To 
be diluted with water, laid on with a paint brush, and polished off with a hard brush 
or cloth. (47) Wax, 3 oz.; pearlaah, 2 oz.; water, 6 oz. Heat together, and add 
I vol boiled oil and 5 oz, spirits oF turpentine, (4S) Tho name is sometimes given to a 
mixture of 1 nz, white or yellow wax with 4 of oil of turpentine* (49) Rain-water, 

I gilt; spirits--of wine* 1 gill; beeswax, 1 oz.; pale yellow soap, 1 oz. Cut the wax 
and soap into thin slices, and boil them iu tho rain-water until dissolved. Take 
off flic fire* and occasionally stir till cold Afterwards add spirits of wine, bottle, and 
it is ready for use* The above compound should bo applied with a piece of flannel, and 
afterwards rubbed with a soft cotton cloth. (50) Useful for family use:—1 oz. beeswax, 

I ox. white wax, 1 oz. Castile soap. The whole to be shred very flue, and a pint of 
boding water poured upon it; when cold, add £ pint turpentine and | pint spirits of 
wine; mix well together. To bo nibbed well into the furniture with one cloth and 
polished with another* (51) Pearlash, I oz. ; water, 8 oz.: beeswax (genuine), 6 oz. 
kfix with heat, aud add sufficient water to reduce it to the consistency of cream* For 
nee, add more water, and spread it on the wood with a painters* brush. Let it dry, and 
palish with n hard brush or cloth. If white wax is used, it may bo applied to polish 
pWtcr casts, statues, Jfce. (52) 2 gal. raw linseed oil, 1| gul. turpentine, £ lb. dragons* 
blood, | Tb, rosin, f lb. alum* 2 oz. iodide potassium ,\ lb, sulphuric acid, 8 oz, nitric acid ; 
using avoirdupois weight for tho dragons* blood, rosin, alum, iodide potassium, and 
sulphuric acid; common wine or liquid measure fur the oil and turpentine ; apothecaries’ 
tii figure tor the nitric add. Tho directions for preparing tho polish are as follows 
First, put the oil and turpentine into an earthen vessel; then pulverize the dragoon* 
Mood, rosin, alum, and iodide potassium to a fine powder. Stir this powder slowly into 
the oil and turpentine ; then add the sulphuric acid, slowly, stirring continually. Lot 
Hi La mixture stand 30 hours, then add the nitric acid. Slowly stir tho mixture while 
adding. Apply with a sponge or cloth, (53) Messer, of Berlin, dissolves 6f lb. shellac 
m about 28 pinto pure spirit (alcohol), and then mixes this with another obtained 
by dfrwolving 25 dr* gun cotton in 25 dr, high-grade sulphuric ether to which Is 
aJdcd 124 dr. uamphor and enough 96 per cent, alcohol to completely dissolve the 
mil This polish is finally rubbed up with pure linseed oiL To 100 parts of it, 
5 parts of a saturated solution of camphor in oil of rosemary are then added. 
A very dilute rotation of benzole In alcohol is used for polishing off. (54) 1 gal. 
rofi water, 4 oz. soap, 1 lb. white wax in shavings \ boil these ta&d&utt i&xuk 
add 2 oi* peartwh* This is to he di/a tod with water, laid m ihts lundi^ wVdxw. 
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brush, and polished off with a cloth or a hard brush. (55) Dissolve 1J lb. potash and 
I lb, virgin wax in 1 gat hot water, and boil the whole Tor £ hour ; then stand to awl. 
Remove the wax from the surface, put it into a mortar, and triturate it with a nurfcltj 
pestle, adding sufficient soft water to form a soft paste. This laid neatly on furniture, iff 
even on pictures, and carefully rubbed when dry with a woollen rag, gives a polish of 
great brilliancy and softness, (56) Household furniture is readily cleaned by wiatiiqf 
it with a little warm ale, the polish being brought up subsequently by means of a doth 
damped with paraffin oil. The following has been strongly recommended for renoraiiotr 
old furniture and bringing up a good polish Take olive oil lib,, rectified oil of imW 
1 lb., spirits of turpentine 1 lb., oil of lavender 1 az., tincture of ulk&net mot J Mt 
Saturate a piece of 'cotton batting with this polish, apply it to the wood, then, with 
and dry cotton rags, rub well and wipe off dry. Keep the polish in a stoppered bottle. 
(57) Rare beeswax, 1$ lb,; linseed oil, £ lb* 3Iclt together and remove from the flu, 
and when the mixture has cooled n little, add 1 qi turpentine, and mix well. Thsww \ 
to imIw it with soda would be to dissolve the soda in hot water, add the wax in null 
pieces, and mix well over the fire. The former method is preferable, (58) A friife 
polish on ebony, one that will be durable. Give the work 2 coats of Hue copal Tainufw 
and rub this down (when dry) quite smooth with fine pumice, put on a third coat of ttt 
same, and rub down with rotten stone ; clean and put on a flowing coat of best spirit «pd j 
varnish, and when this hits become quite dry, polish with chamois skin and the I 

the hand. (59) Polishing Black Woodwork,—Procure 2^ ux. spirits of wine, 1 dr, cil > f 
almonds, 1 dr. gum elomi, { oz. orange shellac, pounded fine and put together its stolid j 
to dissolve ; when dissolved, rub on with white wadding. (60) Orange shellac, 2 St ; I 
wood naphtha, £pint; benzoin, 2 dr. Mix and put in warm place for a week, andtai 1 1 
the materials frem settling by shaking it up. To apply it, after having prepend ptf 1 
wood by rubbing some raw linseed oil into it, and then wiping it well off again, ©dto * I 
rubber of cotton-wool, and put some old calico over the face, mid till you have I 

Ixsly on your wood keep the rubber well saturated with polish. When your rubherrtek* I 
put a very little linseed oil on and mb your polish up. Allow it to stand a fev h®®* 
and givo it another cent, using rather more linseed oil on your rubber, so m to F 1 
finer polish. Then let it stand again and finish off with spirits of naphtha* if you*** 
if not, add n small quantity of polish to your spirit, (fil) Polishing Bui—T oiip* 
yellow' ochre as you can take in your hand add £ teaspoonful of Venetian red. Mil. • 
the thickness of paint (or rather thinner) with glue size. Let the mixture ^ j 
some time in a pan, keeping it Wei! stirred. Apply with a brush, and when drj w® 4 
over with flue sandpaper and polish with French polish, or, if preferred, turpeufist 
beeswax. If a deeper colour is required, add more Venetian red. Or (€2) Melt 1^® 

| lb, Russian glue in l qt. water; grind in some Venetian red until sufficiently 
give the wood u coat with a brush when dry, ( 63 ) Egg*ahell Polish for Antique Fanil** 
This is done by first budying-up your work, and, after standing 12 hours, again 
with white polish ; it is next rubbed down with a felt rubber nud pumice until •oA&o'fr 
dull; it is then wux-pol tolled, giving the work a gloss instead of a polish. (IH) *" 
Shining.—This is a new system of polishing or shining called the American system 
is used mostly for American black walnut. First oil, fill in then with a wet rfiM* 1 
passed smartly over the work straight from end to end until a shine or glow 
No oil to bo used in the rubber, and no spiri ting-off is required. Be careful to dijn^* 
well, and have the work free from rubber marks. This system is becoming 
io tbs trade. (65) Imitation Polish for Woodwork.—The wood is first varnished w* ^ 
with gelatine, and, after drying and smoothing, with a mixture of 2| lb, fink! H*' i 
varnish, and 4 dr. pure drying linseed oil; after drying, the wood is polishid vifl> m s 
ethereal solution of wax. (66) Wax Polishing.—There is no particular art in fl *' 
polishing floor®, the principal te<\u\mwuta being plenty of elbow-grease and a goodfr* 1^ 
brush. The floor, uIWi Msfc vitU to. When dry it i»J*** 4 
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ever with a large, soft wbitowash-brush dipped in oak atom. This is allowed to dry for 
24 bouts, The floor is then gone over with thin size, and this is in turn allowed to dry 
for 21 hours* After this, the floor is painted over with a kind of varnish tuade by 
dissolving beeswax in spirits of turpentine, the proportions being about I lb* of was to 
2 qh of turps* The wax La shredded, placed along with tha turps in a stone bottle, am! 
the whole put cm the hob and frequently shaken* When this varnish has soaked well 
in, the whole floor is polished with a rather hard brush until a good surface is obtained. 
Special brushes, adapted to polishing waxed floors, are sold by oilmen* {(37) Wood 
Finish*—Richness of effect may bo gained in decorative woodwork by using woods of 
different tone, such as amaranth nod am boy mt, by inlaying and veneering. The 
Hungarian ash and French walnut afford excellent veneers, especially the burls orgnnrls* 
A few useful notes on the subject are given by a recent American authority. In 
varnishing, the varnishes used can be toned down to match tho wood, or bo made to 
darken it, by the addition of colouring matters. Tho patented compositions known as 
“ wood fillers " are made up in different colours for the purpose of preparing the surface 
of wood previous to the varnishing* They fill up the pores of the wood, rendering the 
surface hard and smooth* For polishing mahogany, walnut, &e*, tho following is 
recommended: Dissolve beeswax by beat in epiiits of turpentine until tbe mixture 
becomes viscid; then apply by a clean cloth, and rub thoroughly with a flannel or doth* 
A common mode of polishing mahogany is by rubbing it first with linseed oil and then 
by a cloth dipped in very fine briokduat; a good gloss may also be produced by rubbing 
with linseed oil, and then holding trimminga or shavings of the same material against 
the work in the lathe. Gl&sspapcr, followed by rubbing, also gives a good lustre* 
(Baton!* Amer.) (68) A good polish for walking-canes and other hard wood*—The 
following process gives the most satisfactory nnd hardest finished surface ; Fill with 
U:*t dear tiller or with shellac; dry' by heat; rub down with pumice ; then put on H 
coats of clear spirit copal varnish, hardening each in an oven at a temperature ns hot 
tbe wood and gum will safely stand. For extra work, the 2 first costs may be rubbed 
flown and the last allowed a flowing coat. For coloured grounds, alcoholic shellac varnish 
with any suitable pigment (very finely ground in) can generally be need to advantage* 
(CV) Mahogany,—The wood having been stained, paper off smooth with No. 0 glass- 
paper enough to give an even surface* Add £ gill French polish, to J oz. best dragons* 
Mood, well mix and strain through muslin ; polish as usual; if wanted very dark, apply 
& Utlto dragons 1 blond to the rubber, but the rubber must be covered twice with linen 
rag, (70) Ebony.—Add J oz. best drop bluck to £ gill French polish, use as in (00)* A 
little of the drop black may he used on the inside robber, but covered twice with linen 
rag* (71) Batin wood or Staple,—} oz* chrome yellow to 1 gill light French polish ; use 
o* before described ; a little chrome yellow on tho rubber is desirable* In French 
polishing always uses drop of linseed on the rubber* (72) Black and Gold Work.—The 
work to be polished and gilt must be stained with block stain ; when quite dry, give c 
very weak solution of glue size, paper off smooth. Care must be used not to remove tbe 
black stain with tho paper. The part to be gilt must not be touched with the size, or 
the gold will not adhere so well; polish the part not to be gilt according to directions 
given for French polishing, using tho black polish drop black; when tho work is 
polished ready for spiriting off, lay tho work on a table in a warm room, procure a 
portion of the best oil geld size, pour in a cup, with a very fine stiff brush lay a thin 
even coat of gold size on tho work, let the gold size dry for 2 hours till it becomes tacky, 
then having the gold leaf ready, with great care lay a leaf (or part of a leaf, as required) 
on the cushion* cut to size required with the tip, lay the gold leaf on the sized work, 
then with a pad made of white wadding press the gold leaf in tho crevices, blow off 
surplus leaf; let it stand aside to dry; when quite diy, polish gently with a very 
smooth bone pointed (or a dog's tooth is best) fixed in handle, 
the edges should be cleaned off evenly afterwards. Ymvih the \iWta* ’wesrV c/S. 
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spirits Very lino crevices may have gold 'leaf rubbed in with a brush, if med 
cure fully, then blow off surplus parts. For commoner work, gold point laid on with 
u brush answers very well. (73) White and Gold,—Brackets, consol© tables, whatnot* 
chairs, and other furniture are frequently done in white and gold- The grain of tin 
wood should be first filled in with whiting and glue size, oue or two coats well papered 
off and white polished, but the wood should not be finished off with spirits until gilt 
leaving the last coat to be done when the gilding is finished ; the gilding is done as m 
(72). (74) A cheaper mode and much easier for the amateur: First well clean tL« 
article (if not new) with soda and water ; when dry, scrape and paper all over, stop op 
cracks with white-lead and driers, one of driers to two of white-lead ; mix soffit gmd 
white psdnt made of turps, driers, and white-lead, not oil. Give the article 3 coaU 
rubbing down the first coat when dry with pumice and water; when the third coat of 
point is quite dry, proceed to gild as before described, using either gold leaf or gtfld 
paint; when so done, give the gold a coat of transparent enamel varnish, alter which 
varnish the white work with clear copal varnish. Give the work 2 coats ; it will «t in 
a day. Small boxes and other fancy articles may bo done by this proceed (75) t pint 
linseed-oil, 1 ez. nlkanet root, J oz. rose pink, boil for J hour, strain through ©tulin 99 
that the oil may bo clear ; to use it pour a little oil on flannel; mb briskly. After 2 or 
3 applications, the effect will be apparent. (76) 1 pint best vinegar, 1 pint liuseed-oil, 
2 oz. gum arabio finely powdered; mix in a dean bottle for use. Requires no rrahUflg 
merely laying on with a clean rubber of flannel. (77) J lb. beeswax melted iu is 
earthenware pot, add gradually $ pint turps, coloured with | oz. alkatiet root, *Ai 
£ pint linseed-oil: well mix, and keep in wide-month bottles for use. The bnttki 
should lie kept well corked. To use, wipe the dust from the furniture, apply a portico 
of the polish on a clean rubber of flannel, rub every part aocessihie, briskly finish etf 
with an eld silk handkerchief. This polish should not be used on new article** fl 
merely restores a gloss on old polished furniture. (73) £ pint rectified wood naphtha 
1| oz. shellac, | o a benzoin ; crush the gum, mix m a bottle; when dissolved it b nwlf 
for uae. Keep on a shelf iu a warm room until dissolved. (79) Put 2 dr. shellac and 
2 dr. gum benzoin into J pint best rectified spirits of wine in a bottle closely corM; 
keep the bottle in a warm place and shake frequently until the gums are dissolved: 
when cold add 2 teaspoon f ids of clean poppy oil; well shake it and it is fit for «*- 
This finish caii bo carefully laid with u soft rubber or hair brush. 

Polishing in the lathe .—The beauty of good work depends on its being exertsUd 
with tools properly ground, set, and in good order; the work performed by such tix>b 
will have its surface much smoother, its mouldings and edges much better finished, and 
tho whole nearly polished, requiring, of course, much less subsequent polishing tb*fl 
work turned with blunt tools. One of the most nceeseary things in polishing is eteafiV' 
ness; therefore, previous to beginning, it is as well to clear the turning-lathe or 
bench of all shavings, dust, and to on, as also to examine all the powders, lacqvtfit 
linen, flannel, or brushes which may be required; to seo that they are free from doit 
grit, or any foreign matter. For further security, the polishing powders used *» 
Home times tied op in a piece of linen, and shaken as through a sieve, so that nous 
the finest particles can pass. Although, throughout the following methods, cerlito 
polishing powders are recommended for particular kinds of work, them arc olhen 
applicable to the same purposes, the selection from which remains with the operator; 
observing this distinction, that when the work is rough and requires much polishing* 
courser powders arc best; but tho smoother the work, the less polishing it roquirts* wd 
the finer powders are preferable. 

Soft woods may be turned so smooth as to require no other polishing than thst 
duccd by bolding against it a few fine turnings or shavings of the same wood wldW 
revolving, this being often sufficient \r give it a finished appearance; but whun A* 
surface of tho wood has been left Tough, U TaueV'be xvCtfwcA. V\\k\ yAiihing p 4 ^ 
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varying the position of the hand* otherwise it would occasion rings or groove* 

4 the work. When the work ha* been polished with the loth© revolving in the usual 

S , it appear* to be smooth; but the roughnesa is only laid down in one direction* imd 
entirely removed* which would prove to bo the chhg by turning the lathe the con- 
r*ry way, and applying the glass pa per; on which account work is polished best in a 
vls-Utbo, which turns backwards and forwards alternately* and therefore tt is Well to 
dilate that motion as nearly a* possible. 

Mahogany, walnut* and some other woods, of about the same degree of hardness, may 
be polished by either of the following methods;—Dissolve* by heat* so much beeswax, 
ta ipirits of turpentine, that the mixture when cold shall be of about th© thickness of 
fcoc&y This may bo applied either to furniture or to work running in the lathe, by 
Omni of a piece of dean doth* and a* touch ns possible should then be rubbed off by 
of a clean flannel or other cloth. Beeswax alone is often used ; upon furniture it 
toast be melted by means of a warm flat iron ; hut It may be applied to work iu tlm 
laiilif; by holding the wax against it until a portion of it adheres ; a piece of woollen cloth 
«iiQnld tij en be held upon it, and the lathe turned very quickly* so as to nidt the wax ; 

mperfluouB portion of which may bo removed by means of a small piece of wood or 
llmd metal, when a light touch with a clean part of the cloth will give it a gloss. A 
^fjgood polish may b© given to mahogany by rubbing it over with linseed-oil, and then 
Wiing against it a doth dipped in fine briekduat. Formerly nearly all tho mahogany 
tatture made iu England waa polished in this way. 

Hard Woutla^-These, from their nature, are readily turned very smooth : fine glasa- 
jAfcr v ill suffice to give them n very perfect surface; a little linseed-oil may then ba 
*ri>ln*d on, and a portion of the turnings of the wood to be polished may then be held 
■sgfcinil the article, whilst it turns rapidly round* which will, m general, give it a fino 
Sometimes a portion of shellac, or rather of seed Inc, varnish h applied upon a 

a of cloth, in th© way formerly described. The polish of all ornamental work wholly 
dt on th© execution of th© same, which should bo don© with tools properly 
fciiArponed ; and then the work requires no other polishing but with a dry hand-brush, 
toeknu it from shavings or dust, this trifling friction being sufficient to give th© required 
Tutrc. 

Japana* taequ^r, ShkmkML —This is so much superior to our beet methods of polishing 
tat while the best European and American pianos are readily spoiled by atmospheric 
tfneDMia Japanese lacquered wooden ware can resist boiling water. The following 
gives a sketch of the process* and full details will be found in * Workshop Jtooeipts,’ 

bird Series. 

If the wood to be varnished be very porous, and the pores largo enough to bo visible 
the naked eye, they are filled with a mixture of stone-powder and tho lacquer called 
AtW, which is merely th© sap of the branches of the varnish-tree* without any mixture, 
hi* paste of stone-powder and lacquer is put on with a wooden spatula* th© workman 
dciug goad cere to press bard on the spatula, so us to fill up nil th© pores, and to rub 
tarnish off the surface of the wood* which is kept a* clean a* possible, After the 
^ni*h is well hardened, the whole surface is polished with a soft stone—n kind of 
L dge-fttuue—so that the veins of th© wood com© out again. This filling process can be 
tf necessary. Next, in order to give it a colour, th© wood is painted over with 
thin water-colour, or it is stained. When thus prepared, th© object is then varnished 
th the lacquer thiunkei, of which a thin coating is put on with a brush, otherwise it 
&uld look too dark. On account of this lacquer taking its gloss in hardening* it 
quires a skilful person with a light baud to obtain a good result. Only one coating is 

In cam the wood ia eltwt>grained and of ©von surface, th© preliminary work will be 
Accessary. Thu th&hinr. lacquer is alone used. It is rubbed into the wood with e, tall 
cotton, which is saturated with it* After it bus b© 0 tt rubW\ ftwX w\£\Ou raroata* 
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m the surface is token off by rubbing with Japanese soft paper, so that to tan oalyi 
very thin layer remains. 

It sometimes occurs that a Japanese lacquer is too thick, and will not spread tan* 
with a spatula, as occasionally happens when it is mixed with stone-powder, Wbn its 
Is the case, the Japanese workmen add powdered camphor to the varnish ttet m 
about to use. By this means it becomes more liquefied and flows much better. 

There U another thing about the Japanese method of using this varnish that i* *.-nh 
knowing. The atmosphere in which it is to harden, after it lias been applied, abculd U 
moist, and the room darkened. The Japanese lacquerers hare in their work-rooms tag? 
bo set fixed against the walls. These are furnished with sliding-doors. The m*id t* 1 I 
these boxes are wetted with towels dipped in water; the lacquered war® is mtowtoecd, 
and the doors are closed. It generally requires 4S hours to harden the lacquer. 

V AB. NISH IN G.—Varnish is a solution of resin in oil, turpentine, or almfed. 
The oil dries and the other 2 solvents evaporate, in either case leaving a solid tui*- 
parent film of resin over the surface varnished. In estimating the quality of a vami£ 
the following points must be considered:—(1) Quickness in drying ; (2) hardm* <f 
film or coating; (3) toughness of film; (4) amount of gloss: (5) permanence of 
of film; (fi) durability on exposure to weather. The quality of a varnish <3*$*^ 
almost entirely upon that of its ingredients; much skill is, however, required in mii&f 
and boiling the ingredients together. Varnish is used to give brilliancy to psh&d 
surfaces, and to protect them from the action of the atmosphere, or from alight fricii^a 
It is often applied to plain unpainted wood surfaces in the roofs, joinery, and fittinci *f 
houses, and to intensify and brighten tho ornamental appearance of the grain. Ate* I# 
painted and to papered walls. In the former case, it is sometime* 41 flatted," no u to 
give n dead appearance, similar to that of a flatted coat of paint 

Ingredient* of Famrift,—Gums are exudations from trees. At first they are gcnmllj 
mixed with some essential oil; they are then soft and viscous, and are known ** 
balsams; the oil evaporates and leaves the resin, which is solid and brittle, Bssim m* 
often called 44 gums" in practice, but a gum, properly speaking, is soluble in water, 
therefore unfit for varnishes, while resins dissolve only in spirits or oil. Gum-resin# 
natural mixtures of gum with resiu, and sometimes with essential oil found in the unite 
juices of plants. When rubbed up with water, tho gum is dissolved, and the od sol 
resin remain suspended. 

The quality of the resin greatly influences that of the varnish. The softer 
dissolve more readily than the others, but are not eo hard, tough, or durable, Cuma* 
rosin or colophony is either brown or white; the brown variety is obtained by distillitf 
the turpentine of spruce fir in water; the white is distilled from Bordeaux 
The principal resins used in good work areas follows:— 

Amber, obtained chiefly from Prussia, is a light yellow transparent substance 
between beds of wood coal, or, after storms, on the coasts of the Baltic; is the hsidrf 
and most durable of the gums, keeps it* colour well, and is tough, but difficult to dis^lw, 
costly, and slow in drying. Gum animi is imported from the East Indies; is nes?ij*» 
insoluble, hard, and durable ns amber, but not bo tough ; makes a varnish quick tr 
drying, but apt to crack, and the colour deepens by exposure, Cdpal is imported fire 
the East and West Indies and America, Ac,, in 3 qualities, according to colour, h* 
naloat being kept for the highest class of varnish; those become light by cxfxvnrc 
Mastic is a radnons gum from the Mediterranean; it b soft, and works easily. Gum 
dammar is extracted from the Kawrie pine of New Zealand, and comes also fn« 
India; makes a softer varnish than mastic, and the tint is nearly colour!esa (In 
elemi comes from the West Indies, and somewhat resembles copal. La* is a miwra 
substance which exudes from several trees found in the East Indies; more tolulil# 
than the gums above mentioned; stick lac consists of the twigs covered with tli* 
gum; §eed tec is the insoluble wtioatefc Y*av&\n%wtAstick tec; 
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eed lac b meited, strained, and compressed into sheets, it becomes shell Inc; of these 
varieties, shell lac is the softest, palest, and purest, and it is therefore used for making 

& uerau Sandarack is a substance said to exude from the juniper tree: resembles lac, 
is softer, less brilliant, and lighter in colour, and is need for pale varnish* Dragons 1 
blood is a resinous substance imported from various places in dark brown-red lumps, in 
bright red powder, and in other forms; used chiefly for colouring varnishes and 
lacquers. 

Solvents must be suited to the description of gum they ore to dissolve. Boiling 
Fui#cd-od (and sometimes other oils, such m rosemary) is used to dissolve timber, gum 
amtai, or ©opal. Turpentine for mastic, dammar, and common rosin. Methylated 
4pinb of wine for loo and flanduraeb* Wood naphtha is frequently used for chesp 
varnishes; it dissolves the resins more readily than ordinary spirits of wine, hut the 
timkh is less brilliant, and the smell of the naphtha is very offensive, therefore it is 
mver employed for the best work* 

Driers are generally added to varnish in the form of litharge, sugar of lead, or white 
copperas, Sugar of lead not only hardens but combines with the varnish. A large 
proportion of driers injures the durability of the varnish, though it causes it to dry more 

«p»ek]y- 

Kindsof Fan?Varnishes ore classified as oil varnish, turpentine varnish, spirit 
^tniiah, or water varnish, according to the solvent used They are generally called by 
'i&Etti&xQe of the gum dissolved in them. 

Oil varnishes, made from the hardest gums (amber, gum auimi, aud copal) dia- 
•fotd in oil, require some time to dry, but are the hardest and most durable of all 
^v&idies; are specially adapted for work exposed to the weather, and for such m 
ifejuire^ polishing or frequent cleaning ; are used for coaches, japan work, for the best 
J D wtry and fittings of bouses, and for all outside work. Terpen line varnishes are also 
from soft gums (mastic, dammar, Common rosin) dissolved in the best turpentine ; 
•to cheaper, more flexible, dry mom quickly, and are lighter in colour than oil varnishes, 
are not so tough or durable. Spirit varnishes or lacquers are made with softer gums 
'ttcand sundarach) dissolved in spirits of wine or pyroligneous spirit; dry more quickly, 
become harder aud more brilliant than turpentine varnishes, but are apt to crack 
fecoJo off, and are used for cabinet and other work not exposed to the weather. 
W varnishes consist of lac dissolved in hot water, mixed w ith just so much ammonia, 
potash, or soda, as will dissolve tho lac; the solution makes a varnish which will 
**u bear washing ; the alkalies darken the colour of the lac. 

Mixing Famishes .—This requires great skill and care. Full details of the process 
given in Spores* * Encyclopaedia/ Here may just bo mentioned one or two jxunts 
^Hful in mixing varnishes on a small scale ; but as a rule, it is better to buy varnish 
**dy mixed when posable. 

Oil VamUhea.—The gum must first be melted alone till it is quite fluid, nnd then 
clarified oil is pourud ia very slowly. The mixture must be kept over a strong fire 
htil a drop pinched between the linger and thumb will, on separating them, dmw out 
a *<o filaments. Tlie pot is then put upon a bed of hot ashes and left for 15 or 20 minutes, 
which tho turpentine is poured in, being carefully stirred near the surface. The 
5L *Xtcre m fluaJiv strained into jars and left to settle. Copal varnishes should be made 
bast month* before use ; the longer they are kept, the better they become. When 
m&ramTj to xm the varnishes before they art? of sufficient age, they should be left 
**©k>r than usual. The more thoroughly the gum is fused, the stronger the varnish 
tho greater the quantity. Tho longer and more regular the boiling, the more fluid 
varnish- If brought to the stringy state too quickly, more turpentine will be 
^Uir-d, which makes tin? varnish less durable. 

Spirit and Turpentine Varnishes.— Her© the operation simply conavtA&vn %Vyty\y^ 
Lee agitating th& res ins And solvent together. The agitation tanat 
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till the ream ia nil dissolved, or it will agglutinate into lumps. Heat U sot ns1 
but ia sometimes used to bustten the solution of the resin. The varnish u ftlloieils 1 
settle, end ia then a trained through muslin, In many eases the re=im such as madic, I 
dammar, or common rosin, is simply mixed with turpentine alone., cold ot with diglit I 
boat. Core must in such cases be taken to exclude all oil. 

Application.— In using varnish, groat care should be tabes to have every this* quit* I 
clean, tho cams should be kept corked, the brushes free from oil or dirt, and lbs work 1 
protected from dust or smoke. Varnish should bo uniformly applied, in very tot ends, 
sparingly at the angles. Good varnish should dry so quickly as to be free from clfctliMi 
in I or 2 days. Its drying will be greatly facilitated by the influence of light; bridl 
draughts of cold air and damp mmt be avoided. No second or subsequent cntl^l 
varnish should be applied till the lost is permanently hard, otherwise the drying (if hit 
under coats will be stopped. The time required for this depends not only upon tbs kind 
of varnish, but also upon the state of the atmosphere. Under ordinary circimisteaw. 
spirit varnishes require 2-3 hours after every coot; turpentine varnishes require6or8 
horn's ; and oil varnishes still longer, sometimes os much as 24 houra. Oil ramiiD* 
are easier to apply than spirit varnishes, in consequence of their not drying so quickly 
Porous surfaces should be steed before the varnish is applied, to prevent it from king 
winded by sinking into the pores of the material. Varnish applied to painted work ii 
likely to crack if the oil in the paint is not good; also, if there is much oil of any kind, 
the varnish hardens more quickly than the paint, and forms a rigid skin over it, wild 
cracks when the paint contracts. The more oil a varnish contains the less likely it i» tr» 
crack. All vurmshca improve by being kept in a dry place. One pint of Tomsk wit 
cover about 16 sq. yd, with a single coot. 

Recites, —The following recipes give the proportions of ingredients for Tarnishis 
connection with house painting;— 

OH Vamithe *.—Copal Varnishes.— (1) Best Body Copal Varnish,—Fuse 8 lb. flu* J 
African gum copal; add 2 gal. clarified oil* Boil very slowly for 4 or 5 hours till qmfc 
stringy,and min with 3& gal, turpentine. This is used for the body part of 
and for other objects intended to be polished. The above makes the palest and besto j*l 
varnish, possessing great fluidity and pliability, but it ia very slow in drying, omt 
for months, ia too soft to polish. Driers are therefore added, hut they arc injnri 
To avoid the use of driers, gum auimi is used instead of copal, but it is less durable :ahJ 
becomes darker by age. The copal and animi varnishes arc sometime* mixed ; 1 pot*f 
the latter to 2 of the former for n moderately quick drying varnish of good quality, ttl 
2 pots of the animi to 1 of the copal for quicker drying varnish of common quality. 

(2) Best Pale Carriage Copal Varnish.—Fuse 8 lb. second sorted African copal; *>ld 
2\ gab clarified oil. Boil slowly together for 4 or 5 hours until quite stringy; add 5| ipL 
turpentine mixed with J lb, dried copperas, J lb, litharge; strain, and pour off. laonW 
to hasten drying, mix with the above while hot 8 lb, second sorted gum animi, gri 
clarified oil, £ lb. dried sugar of lead, f lb, litharge, 5£ go], turpentine. This raimdi 
will, if well boiled, dry hard in 4 hours in summer or 6 in winter. Some copal nrohA 
takes, however, 12 hours to dry. This varnish is used for carriages, and also in lesi* 
painting for the best grained work, as it dries well and has a good glass. A ftron|vr 
varnish is made for carriages, known Best Body Copal Varnish, 

(3) Second Carriage Varnish.-—8 lb. second sorted gum animi, 2f gnl. fin© cteriflal 
oil, 5J gal* turpentine, \ lb. litharge, £ lb. dried sugar of lead, f lb, dried copper**, 
boiled and mixed as before. Used for varnishing block Japan or dark house painting. 

(4) Pale Amber Varnish.—Pour 2 gal hot clarified oil on 6 lb. very pole transport 
amber. Boil till strongly stringy, and mix with 4 gal turpentine. This will work 
well, be very hard, and the most durable of all varnishes, and improves other tvpri 
varnishes when mixed with them; but it dries very slowly, and ia but little uadil 

Moo out of its expense 
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White Coburg varnish is of a very polo colour* dries in about 10 hours* and in a 
j* u hard enough to polish. 

Wainscot Tarnish is made of 8 lb* gum antmi (aooond quality)* 8 gal. clarified 
\ litharge* Jib* augar of lead. 1 lb. copperas, boiled together till strongly stringy* 
;o mixed with 5| gal. turpentine* It may be darkened by adding a little gold size, 
amkh dries in % hours in summer, ami is used chiefly for house painting nud 

in& 

rit Tamuhe #—Cheap Oak Varnish,—Dissolve 34 lb, clear good rosin in 1 gal. oil 
«n£me. Darken, if required, by adding well-ground umber or fine lampblack, 
tmish is used for common work. It dries generally in about 10 hours, though 
i made to dry in half the time, and known m IL Quick Oak Varnish n ; another 
is called u Hard Oak Varnish/* and U used for seats. 

*1 Varnish.—By slow beat in an iron pot melt j lb. powdered copal gum, 2 oz. 
of capivi, previously hunted and added. When melted, remove from the fire and 
i 10 ox. spirits of turpentine, also previously warmed. Copal will more easily 
r powdering the crude gum ; let it stand for a time covered loosely, 
ite hard spirit varnish may be made by dissolving 34 lb. gum sandaraoh in 
t of wine; when solution is complete, add 1 pint pnlo turpentine and shake 


urn hard spirit varnish is made like the white, but shellac is substituted for the 

ach. It will bear polishing. 

rah Polish.—The simplest and prolsably the best is made by dissolving 1| lb. 
in 1 gab spirits of wine without heat Other gums are sometimes used* and the 
may be darkened by adding benzoin, or it may be coloured with dragon's blood, 
used chiefly for mahogany work, in joinery, hand-mils, ire,, and fs applied by 
g it well iulo the surface of the wood, which has been previously made smooth 
•1 paper, Ac* (See also p* 465.) 

rdwood lacquer is made by dissolving 2 lb, shellac in 1 gal. spirits of wine* It is 
lly used for turned articles, being applied to them with a rag while they are on 

BBI 

•qtier for Brass.—The simplest ami best lacquer for work not requiring to bo 
sd is made by dissolving with agitation A lb, best pale shellac in 1 gal, cold spirits 
l\ The mixture is allowed to stand, filtered, and kept out of the influence of 

which would make it darker* 

rpenbne larjiisAt^.^Turpentiue varnish consists of 4 lb. common (or bleached) 
U«lted in I gal. oil of turpentine, under slight warmth. It is used for indoor 
1 work, and also to add to other varnishes to give them greater body, hardness, 

ilJianey* 

Varnish for Metal Work.—Fuse 3 lb. Egyptian asphidtum ; when it is liquid, 

lb. shellac and I gal* turpentine. 

vnawCck Boil 45 lb. aspbaltum for C hours over a slow fire. During the 

time boll 6 gal. oil which has been previously boded, introducing litharge 
dly until stringy, then pour the oil into the boiling aaphaltum. Boil the mixture 
lean be rolled into bard pills, lot it cool, and then mix with 25 gal. turpentine, 

\ as will give it proper consistency. 

for Ironwork .—The following is recommended by Muthesou as very 
TO gal. of coal tar, fresh, with all its naphtha retained; 6 lb. tallow ; 14 lb. 

3 lb. lampblack; 30 lb. fresh slaked June, finely sifted—mixed intimately and 
d hot When hard, this varnish own be painted on by ordinary oil paint if 



_——.—-MOVEMENTS.—Those means by which motion is trans¬ 
fer mechanical purposes are known as mechanical muvemenXa. \tv 

wca, may be simple or compound. Simple motions tue,—taw at fcttavguX 
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translation, which, if of indefiiiito duration, must be reciprocating; ilnsi'l* rofcakfcl 
which may be either continuous or reciprocating, and when reciprocating i* iMr 
oscillating; helical, which, if of indefinite duration, most bo reciprocating. 0a« 
motions consist of combi nations of any of the simple motions* Perpetual tnotaft i J 
incessant motion conceived to bo attainable by a machine supplying it* own wtifl 
force* independently of any action from without, or which has within itself the cjb|W 
when once act in motion, of continuing ita motion perpetually, or until vvi 4|[ 
without any new application of external force; also the machine itself ty 
which it is attempted, or supposed possible, to produce such motion ; &u iftte&fimnu 
sought after, but physically impossible. 

Fig, 737, In this the lower pulley is movable. One end of the rope bring full 
the other must move twice as fast as the weight, and a comaponding gain of F"V(fl : 
consequently effected 

Fig. 738 is a simple pulley used for lifting weights. In this the power aartll 
equal to the weight to obtain equilibrium* 

Fig. 739, Blocks and tackle. The power obtained by this contmvn& to calisM 
as followsDivide the weight by double the number of pulleyi in the lower likeM 
quotient is the power required lo balance the weight. < 

Fig. 740 represents what are known as White's pulleys, which can either be wm \ 
with separate loose pulleys, or a series of grooves can bo cut In a solid felod, m 
diameters being made in proportion to the speed of the rope; that is, 1 1 *isd3Sr| 
one block, and 2, 4, and G for tho other* Power as 1 to 7. 

Figs. 741, 743 are what are known as Spanish bartons. 

Fig* 742 is a combination of two filed pulleys and on© movable pulley* 

Figs. 744 to 747 are different arrangements of pulleys. Tho following rale tj?* 
to those pulleys:—In a system of pulleys where each pulley is embraced bf * fli 
attached at one end to a fixed point, and at the other to the centre of t!fee 
pulley, the effect of the who!© will he the number 2, multiplied by itself as matj to* 
us there are movable pulleys in the system* 

Fig. 748, Mangle-wheel and pinion—so called from their application to wt^- 1 
convert* continuous rotary motion of pinion into reciprocating rotary motion of 
The draft of pinion has a vibratory motion, nnd works in a straight slot cut te ® 
upright stationary bar to allow the pinion to rise and fall, and work inside sod twto* 
of the gearing of the wheel. The slot cut in the face of the mangle-wheel and foUm 
its outline is to receive and guide the pinion-shaft, and keep tho pinion in gear. 

Fig, 749* Fusee-chain and spring-box, being the prime mover in some wild* 
particularly in those of English make. Tho fuse© to the right is to compensate fr to 
lose of force of the spring as it uncoils itself. The chain is on the email duimelerut* 
fusee when the watch is wound up, as the spring has then the greatest form. 

Fig* 750* A frictional clutch-box, thrown in and out of gear by 1 even it to 
bottom* This is used for connecting and disconnecting heavy machinery, The <?*£ 
the disc to tho right 1ms a slot which slides upon a long key or feather fixed « ®l 
shaft. 

Fig* 751, Clutch-box* The pinion at tho top gives a continuous rotary nujtna* 
the gear below, to which la attached half the dutch, and both turn loosely m the ifcl 
When it is desired to give motion to tho shaft, the other part of the dutch, which ddi 
upon n key or feather fixed in the shaft, ia thrust into gear by the levur. 

Fig. 752. Another kind of clutch-box* The disc-wheel to the right has t M# 
corresponding to the studs fixed in the other disc; and being pressed ©gainst & 
stud© enter the boles, when the 2 discs rotate together* 

Fig* 753* Used for throwing in and out of gear the ©peed motion on Utho* ® 
depressing the lever, the thatt ot Ike Wiga wheel U drawn backward by reanw 
Blot in which it slide* being cul ^ We <* Wc*®* <sft the tim. 
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Fig. 754 is a tilt-hammer motion, the revolution of the cam or wiper-* Iwvt B l> 
the hammer A 4 times in each revolution. 

Fig. 755. Intermittent alternating rectilinear motion is given to the tod At 
continuous relation of the shaft carrying the 2 cams or wipers, which *ci tip 
projection B of the rod, and thereby lift it The rod drops by its own weight 
for ore-stampers or pulverisers, and for hammers* 

Fig, 756. A method of working a reciprocating pump by rotary motion 4 
carrying the pump-rod is attached to the wheel A* which rune loosely upon th* 
The shaft carries a cam C, and boa a continuous rotary motion. At every revoke 
imm a vires the hooked catch B, attached to the wheel, and drags it round, togrtb* 
the wheel, and raises the rope until, on the extremity of the catch striking the »tti 
atop above, the catch is released, and the wheel is returned by the weight of the 
bucket. 

Fig* 757* ContumouB rotary converted into intermittent rotary motion. Tl 
wheel B, carrying the stops C, D, turns on a centre eccentric to the cam X 
continuous rotary motion being given to the cam A, intermittent rotary no 
imparted to the wheel B, the stops free themselves from the offset of the ram »i 
half revolution, the wheel B remaining at rest until the cam has completed Hi: 
tion, when the same motion is repeated. 

Fig. 758. A contrivance for a self-reversing motion. The bevel-gear bet** 
gears B and C is the driver. The gears B and C run loose upon the shaft, w 
motion is only communicated when one or other of them is engaged with tl.e dul 
B, which slides on a feather on the shaft, and is shown in gear with C, The » 
lit the right is driven by bevel-gearing from the shaft on which the gears E, 
clutch are placed, and is about to strike the bell-crank G, and produce such * to 1 
thereof ss will cause the connecting rod to carry the weighted lever F beyond a | 
dicular position, when the said lever will fall over suddenly to the left, and m 
dutch into gear with B, thereby reversing the motion of the shaft until the stud 
wheel E, coming round in the contrary direction, brings tho weighted lever te 
the perpendicular position, and again causes it to reverse the motion. 

Fig* 759* An eccentric generally used on the crank-shaft for oommutsicat 
reciprocating rectilinear motion to the valves of steam engines, and aoroetimei « 
pumping. 

Fig. 760, A modification of the above; an elongated yoke being Fubtfltr 
I ho circular strap to obviate the necessity for any vibrating motion of the red 
works in fixed guides. 

Fig. 761* Triangular eccentric, giving an intermittent reciprocating rrc 
motion, used in France for tho vahe-motion of steam engines. 

Fig. 762. Ordinary crank-mot ion* 

Fig, 763. Crank-motion, with tho crank-wrist working in a dotted yofc, 
dExpensing with tho oscillating connecting-rod or pitman. 

Fig* 764. Variable crunk, 2 circular plates revolving on tho same centre, I 
spiral groove Is cut; in tho other a aeries of slots radiating from the centre. 0u 
one of these plates around its centre, the bolt shown near the bottom of the fip 
which passes through the spiral groove and redial slots, m caused to mow toi 
from the centre of the plates* 

Fig. 765. On relating the upright shaft, reciprocating rectilinear motion i* k 
by the oblique disc to the upright red resting upon its surface. 

Fig. 766. A heart-cam* Uniform traversing motion is imparted to the hi>i 
6a? by tho rotation of the heart-shaped cam. The dotted lines show the a 
striking out the curve of the cam* The length of traverse is divided into *t»y i 
of parts; nod from the centre a series of concentric circles are described throug! 
pointa. The outside click v* then AVnitaA Vote tarikto Sje*& wwobAkk etf Lb cm di 
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bthI lirefl drawn to Iho centre. The curve i* then drawn through th rijOm of 

the concentric circleB and the radiating tinea. 

Fig. 767. This is a heart-cam, similar to Fig, 766! except that It is grooved. 

Fig. 768* Irregular vibrating motion is produced by the rotation of the circular d 
in which is tired a crank-pin, working in an endless groove, cut in the vibrating i 

Fig. 769. Spiral guide attached to the face of a disc; used for the food-motion of i 
drilling me ch ine. 

Fig, 770. Quick return crank-motion, applicable to shaping machines. 

Fig, 771. BectUlnear motion of horizontal bar, by means of vibrating slotted Ur 
bung from the top. 

Fig. 772. Common screw bolt and nut; rectilinear motion obtained from cbm 
motion. 

Figs. 773, 777. Uniform reciprocating rectilinear motion, produced by rotary motLn 
of grooved cams. 

Fig. 774- Rectilinear motion of slide produced by the rotation of screw. 

Fig. 775. Screw stamping-press; rectilinear motion from circular motion. 

Fig, 776. In this, rotary motion is imparted to the wheel by the rotation of ! 
screw, or rectilinear motion of the slide by thu rotation of the wheel. Used tn i 
cutting arid slide-lathes. 

Fig. 778. Uniform reciprocating rectilinear motion from uniform rotary motleu of* 
cylinder, in which arc cut reverse threads or grooves, which necessarily intersect U 
in every revolution. A point inserted in the groove will traverse the cylinder from < 
to end. 

Fig. 779. The rotation of the screw at the left-hand side produces a nmi< 
rectilinear movement of a cutter, which cuts another screw-thread. The pitch of 1 
screw to bo cut may be varied by changing the sizes of Ibe wheels at the end of tU 
frame. 

Fig. 780. Uniform circular into uniform rectilinear motion; used in spooling fra 
for leading or guiding the thread on to the spools. The roller is divided into 2 ; 
ouch having a hue screw-thread cut upon it, one a right and the other a left-hand * 

The spindle, parallel with the roller, has arms which carry 2 half-nuts, fitted tc 1 
screws, one over and the other under the roller. When one half-nut is in, the oth*f * 
out of gear. By pressing th© lever to the right or left, the rod is made to travcf** i 
either direction. 

Fig, 781. Micrometer screw* Great power can be obtained by this device, 
threads are made of different pitch, and ran in different directions; consequentJj » 
or nut, fitted to the inner and smaller screw, would traverse only the length of I 
difference between the pitches for every revolution of the outside hollow screw in a rat 

Fig, 782. Persian drill. The stock of the drill has a very quick thread cut up 
it, and revolves freely, supported by the head at the top, which rests against the 
The button or mil, shown on the middle of the sarew, is held firm in the hand, i 
pulled quickly tip and down the slock, thus causing it to revolve to the right and 
idtergately- 

Fig. 783. Circular into rectilinear motion, or the reverse, by means of rack < 
pinion. 

Fig. 784. A earn acting between two friction-rollers in a y Has been ti*ed i 
gfre the movement to the valve of a steam engine. 

Fig. 785. Rotary motion of the toothed wheels products ■ near motion «f 1 
double rack, and gives equal force and velocity to each side* In*: i veda being of eqi 
size. 

Fig. 786, A substitute for the crank. Reciprocating i ■■ j it motion of the i 
carrying the double rack produces a uniform rotury mot <n f m pin ion-shaft A 
Mparate pinion is used for each rack, the Vwu ivaOsa Wu Sccuut phuraa Bdk 
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jin ions are loose on the shaft. A ratchet-wheel is fast on the shaft outside each pinion, 
and a pawl attached to the pinion to engage in it, cm© ratchet-wheel having its tooth act 
n one direction, and the other having its teeth get in the opposite direction. When the 
faefej move on© way, on© pinion turns the shaft by means of its pawl and ratchet ; and 
when the racks move the opposite way, the other pinion acta in the same way, on© 
r inioo always turning tensely on the shaft, 

"87. A mode of doubling the length of stroke of a piston-rod, or the throw of 
a crank, A pinion revolving on a spindle attached to the connecting rod or pitman is 
in gear with a fixed rack. Another rock carried by a guide-rod above, and in gear with 
the opposite aide of the pinion, is free to traverse backward and forward. Now, as the 
connecting rod communicates to the pinion the full length cf stroke, it would cause the 
top rack to traverse the same distance, if the bottom rack was alike movable; but us 
the Utter is fixed* the pinion is made to rotate, and consequently the top rack travels 
double the distance. 

Pig, 788* Reciprocating rectilinear motion of the bar carrying the oblong endless 
rack, produced by the uniform rotary motion of the pinion working alternately above and 
below the ruck. The shaft of the pinion moves up and down In, and is guided by, the 

•lotted bar. 

Fig, 789, Each jaw is attached to one of the two segments, one of which has teeth 
outside and the other teeth inside. On turning the shaft carrying the two pinions, one 
of which gears with one and the other with the other segment, the jaws are brought 
together with great force. 

Fig. 790. Alternating rectilinear motion of the rod attached to the disc-wheel 
pn duces an intermittent rotary motion of the cog-wheel by menus of the click attached 
to the disc*wheel. This motion, winch is reversible by throwing over the click, is used 
for the feed of planing machines and other tools. 

Fig* 791. The rotation of the 2 spur-gears* with crank-wrists attached, produces a 
variable alternating traverse of the horizontal bar. 

Fig, 792* Fiddle drill. Reciprocating rectilinear motion of the bow, the siting of 
which passes around the pulley on the spindle currying the drill, producing alternating 
ralary motion of the drill* 

Fig* 793. Intended os a substitute for the crank. Reciprocating rectilinear motion 
ofth double rack gives a continuous rotary motion to the centre gear. The teeth on 
the rack act upon those of the 2 semicircular toothed sectors, and the spur-gears attached 
to the sectors operate upon the centre gear. The two stop* on til© rack* shown by dotted 
lines, are caught by the curved piece on the centre gear, and lead the toothed sectors 
alternately into gear with the double rack. 

Fig. 791. A modification of the motion shown in Fig. 791, but of a more complex 

character. 

Fig, 795* A bell-crank lever* used for changing the direction of uny force. 

Fig. 796* Motion used in air-pumps* On vibrating the lever fixed on the same 
►hafl with the spur-gear, reciprocating rectilinear motion Is imparted to the racks on 
twih aide, which are attached to the pistons of 2 pumps, on© rack always ascending 

while the other is descending* 

Fig* 797. A continuous rotary motion of the shaft carrying the 3 wipers produces n 
reciprocating rectilinear motion of the rectangular frame* The shaft must revolve in 
the direction of the arrow for the parts to be in the position represented. 

Fig. 798, Chineae windlass* This embraces the same principles as the micrometer 
screw* Fig. 779* The movement of the pulley in every revolution of the windlass is 
equal to half the difference between the larger and smaller circumferences of the 
windlass barrel* 

Fig* 799, Shears for cutting metal plates. The jaws are opened V»y mV^sX dL 
the long arm of fire upper one, and closed by the rotation of the cam* 
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Pig. $00. A system of crossed levers, termed luzy tongs. A short alternating 
MotiUttear motion of rod at the right will give a similar hut much greater motion to 
the n«ifet the left. It is frequently used in children’s toys. It has been applied in France 
to a machine for rawing sunken vessels ; also applied to ships 1 pumps three-quarters of a 

v^eulury ago. 

Fig. 801. TMa is a motion which lias boon used m presses, to produce the necessary 
pressure upon the platen. Horizontal motion U given to the arm of the lever which 
turns the upper disc. Between the top and bottom discs are 2 bars which enter holes 
*a the diaca. These bars are in oblique positions, as shown in the drawing, when the 
pres b not in operation; but when the top disc is made to rotate, the bars move toward 
perpendicular positions and force the lower dbe down. The top disc must bo firmly 
•crrtjTed in a stationary position, except ns to its revolution. 

Fig, 802, On rotating the disc carrying the crank-pin working in the slotted orm, 
f*'cipmcatitig reelilinear motion is imparted to the rack at the bottom by the vibration of 
til® toothed sector. 

Fig, 803. A simple press-motion is given through the hand-crank on lho pinion- 
the pinion communicating motion to the toothed sector, which acts upon the 
t*Uh n, by means of the rod which connects it therewith. 

F»g, 801, Uniform circular motion into rectilinear, by means of a rope or band, 
which is wound several times around the drum. 

Fig 805. Modification of the triangular eccentric, Fig. 701, used on the steam 
engine in the Paris Mint. The circular disc behind carries the triangular tappet, which 
cnmmnaicute* an alternate rectilinear motion to the valve-rod. The valve is at rest at 
b* completion of each stroke for au instant, and b pushed quickly across the steaui- 
porif to the end of the next. 

Fig. 806, On turning the cam at the bottom a variable alternating rectilinear motion 
■ H imparted to the rod resting on it. 

Fig. 807, A cam-wheel, of which u side view is shown, has its rim formed into 
teeth, or made of any profile form desired. The rod to the right b made to press 
ODRitantly against die teeth or edge of the rim. On turning the wheel, alternate 
rectilinear motion b communicated to the roil. The character of this motion may be 
varied by altering the shape of the teeth, or profile of the edge, of the rim of the 
wheel. 

Fig. 808, Expansion eccentric, used in France to work the elide-valve of a steam- 
It engine. The eccentric b fixed on the crank-shaft, and communicates motion to the 
1 forked vibrating arm, to the bottom of which the valve-rod is attached. 

Fig. 809, The internal rack, carried by the rectangular frame, is free to slide up 
and down within it for a certain distance, so that the pinion can gear with either side 
of the rack. Continuous circular motion of the pinion is made to produce reciprocating 
rectilinear motion of rectangular frame. 

Fig. 81ft Endless band-saw. Continuous rotary motion of the pulleys is mode to 
produce continuous rectilinear motion of the straight parts of the saw. 

Fig. 811, The toggle-joint arranged for a punching machine. Lever at the right 
Is made to operate upon the joint of the toggle by means of the horizontal connecting 

Imk , 

Fig. 812, Movement used for varying the length of the traversing guide-bar, which 
fn silk machinery guides the silk on to spools or bobbins. The spur-gear turning freely 
> its centre, it earned round by the larger circular disc, which turns on a fixed central 
*q<L which has a pinion fast on its end. Upon the spur-gear is belted a small crunk, to 
which b jointed a connecting-rod attached to traversing guide-bar. On turning the disc, 
the spur-gear is made to rotate partly upon its centre by means of the fixed pinion, and 
pnuaequeutiy brings crank nearer to centre of disc. If the rotation of disc waa 
the spur-gear would wake nn entire revolution. During half a levoluVvuu tanesan 
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toM have been shortened n certain amount at every revolution of disci, according to the 
ze of spur-gear; and during the other half it would hove gradually lengthened in the 

tme ratio. 

Pig, 813, Reciprocating curvilinear motion of the beam gives a continuous rotary 
lotfcm to the crank and fly-wheel. The amull standard at the right, to which is 
ttached one end of the lever with which the beam is connected by the connecting rod* 
as a horizontal reciprocating rectilinear movement. 

Fig, 814. Continuous rotary motion of the disc produces reciprocating rectilinear 
notion of the yoke-bar, by means of the wrist or crank'pin on the disc working in the 
ttwraof the yoke. The groove may bo so shaped na to obtain a uniform reciprocating 
ectilineo? motion, 

Fig. 815. Steam-engine governor. The operation is as follows :—On engine starting, 
is spindle revolves And carries round the cross-head, to which fans are attached, and 
n which are also fitted two friction-rollers, which bear on two circular inclined planes 
Uached securely to the centre shaft, the cross-head being loose on the abaft The cross* 
end it made heavy or has a ball or other weight attached, and ia driven by the circular 
mlioed planes. As the speed of the centre shaft increases, the resistance of the air to 
He wings tends to retard the rotation of the cross-head ; tho friction-rollers, therefore. 
Hit up the inclined planes and raise the erosB-bead, to the upper part of which in 
nsmected » lever operating upon the regulating valve of the engine. 

Fig, 816. Continuous circular motion of tho spur-gears produces alternate circular 
w*ti# m of the crank attached to the larger gear. 

Fig 817. Uniform circular converted, by tho cams noting upon the levers, into 
Itcmnting recti linear motions of the attached rods. 

Fig, 818. A valve-motion for working steam expansively. The series of cams of 
vn lug throw are movable lengthwise of the shaft, so that either may be made to act 
I pan the lever to which the valve-rod is connected. A greater or less movement of the 
naive is produced according as a cam of greater or less throw is opposite tho lever. 

Fig. 819. Circular motion into alternating rectilinear motion by the action of the 
.tads on tho rotary disc upon one end of the bell-crank, the other end of which Isa 
ttoched to it a weighted cord passing over a pulley. 

Fig, 820, An ellipsograph. The traverse bar, shown in an oblique position, carries 
Binds, which slide in the grooves of the cross-piece. By turning the traverse bar an 
ttuched pencil is made to describe an ellipse by the rectilinear movement of the studs in 
grooves. 

Fig, 821. Circular motion into alternating rectilinear motion. Tho studs on tho 
staring disc strike the projection on the under aide of the horizontal bur, moving it in 
*i* direction. The return motion is given by means of the bell-crank or elbowdwer, 
arm of which is operated upon by the next stud t and the other strikes tho stud on 

Ue front or the horizontal bar. 

Fig. 822, Reeiprooating rectilinear motion into intermittent circular motion* by 
^mns of tho pawl attached to the elbow-lever, and operating in the toothed wheel. 
'Totinu is given to the wheel in either direction according to the side on which the pawl 
fnrks. This is used in giving the feed-motion to planing machines and other tools. 

Fig* 823, Circular motion into vfinable alternating rectilinear motion, by the wrist 
* mnk-pin on the rotating disc working in the slot of the bell-crank nr elbow-lever. 

Fig. 824. A modification of the movement last described, a connecting red being 
Hhriituted for the slot in the bell-crank. 

Fig, 825, Reciprocating curvilinear motion of the treadle gives a circular motion fo 
tie Ik, A crank may be substituted for the disc. 

Fig. 826, A modification of Fig. 825, a oord and pulley being substituted for the 

r 3nn acting rod. 

Fig. 827. Altera filing cmrilincBT motion into alternating dtttft&Y. 
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i roadie lifts been depressed, the spring at the top elevates it for the next strolf; th 
connecting band passes once round the pulley, to which it give* motion. 

Fig* 828* Centrifugal governor for eteam engines. The central spindle aadihaoaL’d 
amts and balls are driven from the engine by the bevel-gears at the top, and the lidls Ij 
oat from the centre by centrifugal force* If the speed of the engine increase f, thr Wli 
tly out farther from the centre, and eo raise the slide at the bottom, and thereby r&iuet 
the opening of the regulating valve which is connected with the slide. A dinuaiilaDO d 
speed produces an opposite effect* 

Fig* 829. Water-wheel governor acting on the same principle as Fig, 828, but by 
different means. The governor is driven by the top horizontal shaft and berel-gean, vA 
the lower gears control the rise and fall of the shuttle or gut© over or through which fk 
water flows to the wheel. The action is us follows:—Tlie 2 bevel-gears on the low 
purl of the centre spindfc, which are furnished with studs, are fitted loosely to the spndk 
and remain at rest so long us the governor has a pfojier velocity ; bnt immediately tk 
velocity increases, the balls Hying farther out, draw up the pits which is attached fri 
loose sleeve which slides up and down the spindle, and this pin, coming in contact with 
thu stud on the upper bevel-gear, causes that gear to rotate with the spindle, and togiw 
motion to the lower horizontal shaft in such a direction as to make it raise the shuttle*? 
gate, and so reduce the quantity of water passing to the wheel* On the contrary, if to 
speed of the governor decreases below that required, the pin falls and gives motion tatl* 
lower bevel-gw, which drives the horizontal shaft in the opposite direction, and prolura 
a contrary effect* 

Fig. 830* Another arrangement for a water-wheel governtir. In tlib the pmm 
controls the shuttle or gate by means of the cranked lever, which nets on the strip ft 
licit in the following manner:—The belt runs on 1 of 3 pulleys, the middle m* 4 
which Is loose on the governor spindle, and the upper and lower ones fash Mlirn ttto 
governor U running at the proper speed the belt is on the loose pulley, as hi 

when the speed increases, the belt is thrown on the lower pulley, and thereby csa-wl 
to act upon suitable gearing for raising the gate or shuttle and decreasing the 
of water* A reduction of the speed of the governor brings the belt on lb* nif* 
pul ley, which acts upon gearing for producing an opposite effect on the shuttle nr pfc 

Fig* 831. A knee-lever, difTuring slightly from the toggle-joint shown in Fir ®* 
It is often used for presses and stumps, as a great force can be obtained by it* 
action is by raising or lowering the horizontal lever. 

Fig* 832, Circular into rectilinear motion. The waved wheel, or cam, on ti# 
upright shaft communicates a rectilinear motion to the upright bar throng to 
oscillating rod* 

Fig* 833* A drum, or cylinder, having an endless spiral groove extending all iroatf 
it, one half of the groove having its pitch in one, and the other half its pitch in to 
opposite direction. A stud on a reciprocating ret til in early-moving rod works In 0* 
groove, and so converts reciprocating into rotary motion. This has been used ** * 
substitute for the crank in a steam engine, and as a means of transmitting raolria & 
Foster's pressure gauge* 

Fig* 834. The rotation of the <lieo carrying the crank-pin gives a to-andTro ©oh* 
to lb« connecting rod, and the slot allows the rod to remain at rest at Ure terazoab* 
*>f each stroke* It has been used in a brick press, in which the connecting rod dit** 
a mould backward and forward, and permits it to rest st the termination of *ti4* 
that the clay may bo deposited in it and the brick extracted* 

Fig* 835. The slotted crook at the left hand of the figure is on the main dial! of** 
engine, and the pitman which connects it with the reciprocating moving pomr <* 
furnished with a pin which works in the slot of the crank* In termed into between to 
first crank and the moving ponw \s a ahutft carrying a second crank, nf an iaiaria^* 
mdiu8 t connected with the same ^vtm&vu Wm* wwrw* \n « riretdtf 
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tie pin at the end of the pitman is compelled to move in an elliptical orbit, thus 
ing the leverage of the main crank at those points which are most favourable 
transmission of power* 

836* A modification of Fig, 835, in which a link id used to connect the pitman 
*e m°4n crank, thereby dispensing with the slot m the crank. 

837* Another form of steam-on glue governor* Instead of the anna being eon- 
with a slide working on a spindle, they cross each other, and are elongated 
1 beyond the top, and connected with the valve-rod by 2 short links* 

838* Talve-motton and reversing gear, used in oscillating marine engines* 
re eccentric-rods give an oscillating motion to the slotted link, which works the 
slide over the trunnion* Within the slot in tho curved elide is a pin attached 
am of a rock-shaft, which gives motion to the valve. The curve of the slot in 
Jo is an arc of a circle, described from the centre of the trunnion, and as it moves 
cylinder it dees not interfere with tho stroke of the valve. The 2 eccentrics 
iks are like those of tho link-mot ion used in locomotives, 
j. 839, A mode of obtaining an egg-shaped elliptical movement* 

840, A movement used in silk machinery for the same purpose as that 
ied in Fig, 812, On the back of n diso or bevel-gear is secured a screw, with a 
-wheel at one extremity. On each revolution of the disc the tappet-wheel comes 
lnet with a pin or tappet, and thus receives an intermittent rotary movement, A 
secured k» a nut on tho screw, enters and works in a slotted bar at the end of 
1, which guides the silk on the bobbins* Each revolution of the disc varies the 

of stroke of the guide-red, as the tappet-wheel on the end of the screw turns 
■ew with it, and the position of tho nut on the screw is therefore changed, 

841, Carpcnters’-bench clamp. By pushing the clump between the jaws they 
idc to turn on the screws and clamp the hides. 

j. 842, A nn.ana of giving one complete revolution to the crank of an engine to 
troke of the piston, 

gs, 843 t 844* Contrivance for uncoupling engines. The wrist, which is fixed on 
rm of the crack, not shown, will communicate motion to tho arm of the crank 
is represented, when the ring on the latter has its slot in the position shown in 
tl3, But when tho ring is turned to bring the slot in the position shown iu 
44, the wrist passes through the slot, without turning the orank to which the ring 


y ,, S45* Contrivance for varying the speed of the slide carrying the cutting tool 
ting and shaping machines. The driving shaft works through an opening in a 
ibe, in which is a circular slot. At the end of the shaft is a slotted crank* A 
its in the slot of the crank and in the circular slot; and to the outward extremity 
a tilde is attached the connecting rod which works the slide carrying the cutting 
When the driving shaft rotates, the crank is carried round, and the slide carrying 
d of the connecting rod is guided by the circular slot, which is placed eccentrically 
i shaft; therefore, as the slide approaches the bottom the length of the crank is 
ued, aud the speed of the connecting rod is diminished* 

j, 846, Reversing gear for a single engine. On raising the cccentrio-rod, tho 
spindle b released. The engine can then be reversed by working the upright 
after which tho eccentric-rod in let down again. The eccentric in this case ia 
upon the shaft, and driven by a projection on the shaft acting upon a nearly 
rotdar projection on the side of tho eccentric, which permits the eccentric to turn 
ay round on the shaft on reversing the valves. 

p 847* This only differs from Fig. 841 in being compoaed of a single plovtod 
operating in connection with a fixed side-piece* 

£s* S4S, 849* Diagonal catch and band-gear used in \Aqw\u^ iteA 
Mi In Fig. 848 the lower steam-valve and upper educVvom-va\\e wxe 
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the tipper steftm*valve and lower eduction-valve are shut; consequently the piston will 
be ascending. In the aaceut of the piston-rod the lower handle will be etnlck by tho 
projecting tappet, and being raised will become engaged by the entoh, and shut the 
upper eduction and lower steam valves * at the same time the upper handle being 
disengaged from the catch, tbe back weight will pull the handle up and open tho 
tipper a team and tower eduction valves, when tho piston will consequently descend, 
Fig, 849 represents tho position of the catches and handles when the piston is at tho 
top of the cylinder. In going down, the tappet of the piston-rod strikes the upper 
bundle, and throws the catches and handles to the position shown in Fig, 848. 

Figs, 850, 851, represent a modification of Figs. 848, 849, the diagonal catches being 
impereeded by two quadrants. 

Fig. 852, Apparatus foe disengaging the eccentric-rod from the valve-genr. By 
puBing up the spring handle below until it catches in the notch ti, the pin is disengaged 

from tbe gab in the eccentric-rod. 

Ftg, 853, A mode of driving a pair of feed-rolls, the opposite surfaces of which 
inquire to move in the same direction. The 2 wheels are precisely similar, and both 
gear into tho endless screw which is arranged between them. The teeth of one wheel 
<mly are visible, those of the other being on tbe back or side which is concealed 

from view. 

Fig. 854* Link-matlou valve-gear of a locomotive; 2 eccentrics are used for one 
Valve, one for the forward and the other for tho backward movement of the engine. The 
trend ties of the eccentric-rods are jointed to a curved slotted bar, or, as it is termed, 
a link, which can ho raised or lowered by an arrangement of levers terminating in a 
handle m shown. In the slot of the link is a slide and pin connected with an arrange- 
tneefc of levers terminating at the valve-stem. The link, in moving with tho notion of 
the eccentric*, carries with it tho slide, and thence motion is communicated hi the 
v*]ve» Suppose the link raised, so that tho slide is in tho middle, then the link will 
recillnle on the pin of the slide, and consequently the valve will be at rest. If the link 
la moved fo that tho slide is at one of its extremities, the whole throw of the eccentric 
ooo»e»et«i with that extremity will be given to it, and the valve and steam*ports will 
be opened to the full, and it will only be toward the end of the stroke that they will he 
totally shut; consequently the steam will have been admitted to the cylinder during 
yjmcfcjt the entire length of each stroke. But if the slide is between the middle and 
the extremity of the slot, as shown in tho figure, it receives only a pari of the throw 
of the eccentric, and the steam-ports will only be partially opened, and are quickly 
clawed Again, so Unit the admission of steam ceases some time before the termination 
of the btreke, and the steam is worked expansively. The nearer tho slide is to the 
mobile of the slot the greater will be the expansion, and inet 0 ersd. 

Figs. 855, 856. Modifications of Fig. 852, 

Fig. 857. Another modification of Fig. £52. 

Fig, 858. A screw-clamp. On turning the handle tho screw thrusts upward against 
the bolder, which operating os a lever, holds down tlm piece of wood or other mate rial 
placed tinder it on the other side of its fulcrum. 

Fig- 859. A variety of what is known as the mangle-wheel. One variety of this 
was illustrated by Fig, 748. In this one the speed varies in every part of a revolution, 
the groove 5, d, in which the pinion-shaft is guided, as well ns tho seriea of teeth, being 
eccentric to the axis of the wheel 

Fig, 860, Another kind of mangle-wheel, with its pinion. With this os well ai 
vsitli that in the preceding figure* although the pinion continues to revolve iu one 
dirrctinii, the mangle-wheel will make almost an entire revolution in one direction 
and tbe same in an opposite direction; but the revolution of tho wheel in one direction 
will be slower than that in the other, owing to the greater radiua of tins orate* fckttte 

of taetfcu 
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Fig, SSI. Another mangle-wheel. la this the speed is equal in both directions 
of motion, only one circle of teeth being provided on tb© wheel. With all of these 
mangle-wheels the pinion-shaft is guided, and the pinion kept in gear, by a groove in 
ihe wheel. The said shaft is made with a universal joint, which allows a portion of 
it to have the vibratory motion necessary to keep the pinion in gear. 

Fig. 862. The pinion B rotates about a fixed axis, and gives an irregular vibratory 
motion to the arm carrying the wheel A. 

Fig. 863. A modification of what is called a mangle-rack In this the pinion 
revolves, but does not rise and fall as in the former figure. The portion of the frame 
carrying the rack is jointed to the main portion of the frame by rods, so that when 
the pinion arrives at the tud it lifts the rack by its own movement, and follows on the 
other Bide. 

Fig. 864. An illustration of the transmission of rotary motion from one shaft to 
another, arranged obliquely to it, by means of tolling contact. 

Fig. 865. Another form of mangle-ruck. The lantern pinion revolves continuously 
in one direction, and gives reciprocating motion to the square frame, which is guided 
by rollers or grooves. The pinion has only teeth in less than half of its circumference, 
so that while it engages one side of the rack, the toothless half is directed against the 
other. The large tooth at the commencement of each rack is made to ensure the teeth 
of the pinion being properly in gear. 

Fig. 866, A regular vibrating movement of the curved slotted arm gives a variable 
vibration to the straight arm. 

Fig, 867 represents a wheel driven by a pinion of 2 teeth. The pinion consists in 
reality of 2 cams, which gear with 2 distinct series of teeth on opposite sides of the 
wheel, the teeth of one series alternating In position with those of the other. 

Fig. 868. A continuous circular movement of the ratchet-wheel, produced by the 
vibration of the lever carrying 2 pawls, one of which engages the ratchet*teeth in rising 
and the other in falling. 

Fig. 869. By turning the shaft carrying the curved slotted arm, a rectilinear 
motion of variable velocity is given to the variable bar. 

Fig. 870. A modification of Fig. 853, by means of 2 worms and worm-wheels. 

Fig. 871. A pin-wheel and slotted pinion, by which 3 changes of speed can bo 
obtained. There nr© 3 circles of pins of equal distance on the face of the pin-wheel, 
and by shifting the slotted pinion along its shaft, to bring it in contact with one or the 
other of the circles of pins, a continuous rotary motion of the wheel is made, to pro¬ 
duce 3 changes of speed of the pinion. 

Fig. 872 represents a mode of obtaining motion from rolling contact. The teeth 
are for making the motion continuous, or it would cease at the point of contact shown 
in the figure. The fork catch is to guide the teeth into proper contact. 

Fig. 873. What is called the Geneva-stop, used in Swiss watches to limit the 
number of revolutions in winding-up- the convex curved part a, &, of the wheel B 
serving as the stop. 

Fig. 874. Another kind of stop for the earn© purpose. 

Fig. 875. A continuous rotary motion of the large wheel gives an intermittent 
rotary motion to the pinion-shaft. The part of the pinion shown next the wheel Is cut 
of the some curve as the plain portion of the circumference of the wheel, and therefore 
serves as a lock while the wheel makes a part of a revolution, and until the pin upon 
the wheel strikes the guide-piece upon the pinion, when the pinion-aimft commences 
another revolution. 

Fig. 876, 877. Other modifications of the stop, the operatic na of which will be 
easily understood by comparison with Fig. 873, 

Ftg. 878. The two crank-shaft a are parallel in direction, Wtm&VtOfrnfe 
other. The revolution of either i \ili communicate motion to ttie 
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velncity.for the wrist of one crank working in the slot of the other ia continually changing 
ita distance from tho shaft of the latter. 

Fig, $79. The external and internal mutilated cog-wheel® work alternately into 
the pinion, and give slow forward and quick reverse motion. 

Figs. 880, 881. These are parts of the same movement, which has been used for giving 
the roller motion in wool-combing machine®, The roller to which the wheel F T Fig. 881, 
is secured, is required to moke \ revolution backward, then f revolution forward, when 
it most stop until another length of combed fibre is ready for delivery. This is 
accomplished by the grooved heart-cam C, D, B, e. Fig, 880, the stud A working in the 
mid groove; from C to D it moves tho roller backward, and from B to e it moves it 
forward, the motion being transmitted through the catch G, to the notch-wheel F t on the 
mller-idiftit H. When tho stud A arrives at tho point s in tho cam, a projection at the 
back of tho wheel which carries the cam strikes the projecting piece on the catch G, and 
raises it out of the notch in the wheel F T so that while the stud is travelling in the cam 
fn.ru s to G, the catch is passing over the plain surface between the two notches in the 
wheel F, without impart!ngauy motion ; but when stud A arrives at the part C, the catch 
has dropped in another notch and is again ready to move wheel F and roller as required. 

Fig. $82. An arrangement for obtaining variable circular motion. The sectors are 
arranged on different planes, and the relative velocity changes according to the respec¬ 
tive diameters of the sectors. 

Fig. S83. Intermittent circular motion of the ratchet-wheel from vibratory motion 
of the arm carrying a pawl. 

Fig. 881. Drag link motion. Circular motion u transmitted from one cnrnk to the 

other. 

Fig. 885. This represents an expanding pulley* On turning pinion d to tho right 
or left, a similar motion is imparted to wheel c, which, by mean® of curved sluts cut 
therein, thrust the studs fastened to anna of pulley outward or inward, thus augmenting 
or diminishing the sue of the pulley. 

Fig. 886 represents a chain and chain pulley. The liuka being in different planes, 
apace® are left between them for the teeth of the pulley to enter. 

Fig. 887. Another kind of chain and pulley. 

Fig. $88. Another variety. 

Fig. 839 show® two different kinds of stops for a lantern-wheel. 

Fig, 890, Transmitted circular motion. The connecting rods are so arranged that 
when one pair of connected links is over the dead-point, or at the extremity of its stroke, 
tho other is at right angles ; continuous motion is thus ensured without a fly-wheel. 

Fig. 891. Intermittent circular motion is imparted to the toothed wheel by vibrating 
the arm B. When the arm B is lifted, tho pawl G is raised from between the teeth of 
the wheel, and travelling backward over the circumference again drop® between two teeth 
on lowering the arm, and draw® with it the wheel. 

Fig. 892. The oscillating of the tappet-arm produce® an intermittent rotary motion 
of the ratchet-wheel. The small spring at tho bottom of the tappet-arm keeps the 
tappet in the poaition shown in the drawing, as the arm rises, yet allows it to pass the 
teeth on the return motion. 

Fig, $93, A nearly continuous circular motion is imported to the ratchet-wheel ou 
vibrating the lever a, to which the 2 pawls 6 and e are attached. 

Fig. 894, An arrangement of stops for a apur-gear. 

Fig. 895, A reciprocating circular motion of the top arm makes it® attached pawl 
produce an intermittent circular motion of the crown-ratchet, or rag-wheel. 

Fig. 896 represents varieties of stops fora ratchet-wheel. 

Fig, 897. Intermittent circular motion U imparted to the wheel A by ttiu QQft&tt&Un* 
circular motion of the smaller wheel with one tooth. 
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Fig* 898. A brake used in crnnea and hoisting machines. By polling down lb* 
end of the lever, the ends of the brake strap are drawn towards each other, and th* 
strap tightened on the brake-wheel. 

Fig. 899. A dynamometer, or instrument need for ascertaining the amount of useful 
effect given out by any motive power. It is used as follows;—A is a BmoothljMemriJ 
pulley, secured on a shaft as near as possible to the motive power. Two blocks of ocwl 
are fitted to this pulley, or one block of wood and a series of straps fastened to a bander 
chain, as in the drawing* instead of a common block. The blocks* or block and straps 
are so arranged that they may be made to bite or press upon the pulley by msana of tto 
screws and nuts on the top of the lever D. To estimate the amount of power trsta* 
milled through the shaft, it is only necessary to ascertain the amount of friction of ti.i« 
drum A when it is m motion, and the number of revolutions made. At the end of tk 
lever D is hung a scale B, in which weights are placed. The two atop* C* C\ irr to 
maintain the lever as nearly as possible in a horizontal position* Now* suppose the 
to be in motion* the screws are to be tightened and weights added in B, until the Isnr 
takes the position shown in the drawing, at the required number of revolutions. There¬ 
fore, the useful effect would be equal to the product of the weights* multiplied by tk 
velocity at which the point of suspension of the weights would revolve if the Imr 
were attached to the shall. 

Fig. 900 represents a pantograph for copying* enlarging, and reducing plans. 0i* 
arm is attached to and turns on the fixed point C. B is an ivory tracing point, and A 
the pencil. Arranged ns shown* if we trace the lines of a plan with the point B, th* 
pencil will reproduce it doable the size. By shifting the slid© attached to die find 
point C, and the slide carrying the pencil along their respective amis, the propartitti 
to which the plan is traced will be varied* 

Fig. 901* Union coupling. A is a pipe* with a small flange abutting agakui ti« 
pipe C, with a screwed end; B, a nut which holds them together. 

Fig, 902. Anti-friction bearing. Instead of a shaft revolving in an ordinary beomK, 
ft is sometimes supported on the circumference of wheels. The friction is thus itdwd 
to the least amount. 

Fig. SOU. A mode of releasing a sounding weight* ’When the piece projecting frott 
the bottom of the rod strikes toe bottom of the sea* it is forced upwards relatively tr* A* 
rod. and withdrawn the catch from under the weight* which drops off and allows this rod 
to be lifted without it. 

Fig* 904. Releasing hook used in pile-driving machines. When the weight ¥ i* 
sufficiently raised* the upper ends of tho hooks A* by which it is suspended* are 
inward by the sides of the slot B, in the top of the frame; the weight is thus suddfolj 
released, mid falls with accumulating force on to tho pile-head* 

Fig, 905* A and B are two rollers* which require to be equally moved to and &®ii 
the slot C. This is accompliibed by moving the piece D* with oblique slotted aniH up 
and down* 

Fig. 996* Centrifugal checkbooks, for preventing accidents in case of the biu*kMfl 
of machinery which raises and lowers workmen, or ores* in mines. A is a frame*oA 
fixed to the side of the shaft of tho mine, and having fixed studs D, attached. The 
drum on which the rope is wound is provided with a flange B* to which the check-boob 
are attached. If tho drum acquires a dangerously rapid motion, the hooka fly out ri 
centrifugal force, and one or other, or all of them* catch hold of tho studs D, and am** 
the drum, and atop the descent cf whatever is attached to the rope. The dram ougbi. 
besides this, to have a spring applied to it, otherwise the jerk arising from the suddra 
stoppage of the rope might produce worse effects than its rapid motion* 

Fig. 907* A sprocket-wheel to drive or to he driven by a chain. 

Fig. 908* A differential movement. The screw C works in & nut secured 
Jiifb of the wheel E, the nut being tree to tarn \u xWtot standsM, hoi 
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by the bearing from any lateral motion. The screw-abaft i« secured to th* 
l D. The dating abaft A carries 2 pinions F and B, If these pinions -were of 
aixe m to turn the 2 wheels D and E with an equal velocity, the screw would 
an at Teat; but the said wheels being driven at unequal velocities, the screw travels 
rding to the difference of velocity, 

'ig. 9G9* A combination movement, in which the weight W moves vertically with 
ciprocfttiog movement, the down-stroke being shorter than the up*stroke* B is a 
King disc, carrying a drum, which winds round itself the cord D. An arm C is 
tod to the disc and to the upper arm A, so that when the disc revolves, the arm A 
es up and down, vibrating on the point G. This arm carries with it the pulley E. 
pose wo detach the cord from the drum and tie it to a fixed point, and then move the 
A up and down, the weight W will move the same distance, and in addition the 
emeot given to it by the cord, that is to say, the movement will be doubled. How, let 
rtta^h the cord to the drum, and revolve the disc B f and the weight will move verti- 
y with the reciprocating motion, in which the down-stroke will be shorter than the 
stroke, because the drum is continually taking up the cord. 

Figs, 910, 911, The first of these figures is an end view, and the second a side 
*, of an arrangement of mechanism for obtaiuing a series of changes of velocity and 
*>tion, D is a screw on which is placed eccentrically the cone B t and G is a frietion- 
er* which is pressed against the cone by a spring or weight, Continuous rotary 
lion, at a uniform velocity of the screw D carrying the eccentric cone, gives a scries 
changes of velocity and direction to the roller C, It will be understood that during 
ry revolution of the cone the roller would press against a different part of the cone, 
l that it would describe thereon a spiral of the same pitch ns the screw D. The 
or 0 would receive a reciprocating motion, the movement in one direction being 
iter than that in the other. 

Fig, 912, The shaft has two screws of different pitches cut on it* one screwing into 
xed bearing, and the other into a bearing free to move to and fro. Rotary motion of 
shaft gives rectilinear motion to the movable bearing, a distance equal to the 
Ittenoes of pitches st each revolution. 

Fig. 913, Two worm-wheels of equal diameter* but one having one tooth more than 
• ether, both in gear with the same worm, Suppose the first wheel has 109 teeth and 
' second 101, one wheel will gain one revolution over the other during the passage of 
> x 101 teeth of either wheel across the plane of centres, or during 10,000 revolution* 

the worm. 

Fig. 914, Variable motion. If the conical drum lias a regular circular motion, 
\ the friction-roller ia made to traverse lengthwise, a variable rotary motion of the 
rtioo-roller will be obtained. 

Fig, 915. Circular into reciprocating motion by means of a crank and oscillating 


L 

Fig. 910. Continued rectilinear movement of the frame with mutilated racks 
e» an alternate rotary motion to the spur-gear. 

Fig, 017, Rotary mo; Ura of tha worm gives a rectilinear motion to the rack. 

Fig. 919, Auti-frictirm bearing for a pulley. 

Fig, 919* On vibrating the lever to which the 2 pawls are attached, a nearly cou¬ 
ncils rectilinear motion is given to the ratchet-bar. 

Fig, 920. Rotary motion of the bevelled disc cam gives a reciprocating rectilinear 
Ji’uq hi the rod bearing on its circumference, 

Fig, 921. Rectilinear into rectilinear motion* When the rods A and B are brought 
ether, the rods C and D are thrust farther apart, and the reverse. 

FL, 922. An engine governor. The rise and fall of the bulb K arc guided by the 
abolic curved arms B, on which the anti-friction wheels Ij tun. ,ci¬ 

ting the wheel* h with the sleeve, move it up and down the wpm&te 
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Fig. 923, CooUnuoua rotary motion of tho cam gives a reciprocating rectilinear 
to the bar, The cam is of equal diameter in every direction measured across its 

ntre. 

Fig, 924, Colt's invention for obtaining tho movement of tbe cylinder of a re¬ 
tiring fire-arm by the act of cocking the hammer. As the hammer is drawn back to 
*'k iU tbe dog a, attached to the turn blur, acts on tho ratchet i?, on the back of the 
yUnder. The dog is held up to the ratchet by a spring c. 

Fig. 925, C. R. Ot« » safety-stop for tbe platform of a hoisting apparatus. A ore 
le stationary uprights and B is the upper part of the platform working between them, 
be rope a, by which the platform is hoisted, is attached by a pin & and spring c, and 
ic pin is connected by 2 elbow-levers with 2 pawls d, which work in ratchets secured 
the uprights A. The weight of the platform and the tension of the rope, keep the 
U out of gear from the ratchets in hoisting or towering the platform, bub in case 
the breakage of rope, the spring e presses down the pin b and tho attached cuds 
the levers, and m presses the pawls into the ratchets and stop? the descent of the 
form. 

Fig. 926. Crank and slotted cross-head, with Clayton's sliding journal-bo* applied 
the crank-wrist. This box consists of 2 taper lining pieces and 2 tapir r jibs adjustable 
screws, which serve at the some time to tighten the box on the wrist, and to set It out 
,i the slot in the cross-head os the ho* and wrist wear. 

Fig, 927, Pickerings governor. The balls are attached to springs, the upper end 
if each of which is attached to a collar fixed on the spindle, and tbe lower end to a 
cl Ur on the sliding sleeve. The springs yield in a proper degree to the centrifugal 
orve of the bolls, and raise the sleeve; end as tho centrifugal force diminishes, they 
raw tbe bolls toward the spindle and depress the sleeve. 

Fig. 928, A mode of working a windlass. By the alternating motion of the long 
land-lever to the right, motion is communicated to the short lever, the end of which is 
n immediate contact with the rim of the wheel. The short lever has a very limited 

K tiou upon o pin, which is fixed In a block of cast iron, which is made with 2 jaws, 
h having a flange projecting inward in contact with the inner surface of the rim of 
he wheel. By the upward motion of the outward end of tho short lever* the rim of tho 
wheel is jammed between the end of the lever and the flanges of the block, k> as to 
>ium friction sufficient to turn the wheel by the further upward movement of the lever. 
The backward movement of the wheel is prevent* d by a common ratchet-wheel and 
; a* the short lever is pushed down it frees the wheel and slides freely over it. 

Fig, 929. The revolution of the disc causes the lever at tbe right to vibrato, by the 
*m moving in the groove in the face of the disc. 

Fig, 930. By the revolution of the disc, in which is fixed a pin working in a slot in 
U* upright bar which turns on a centre near the bottom, both ends of the bar are made 
to traverse, the tooth sector producing alternate rectilinear motion in the horizontal 
bur it the bottom, and also alternate perpendicular motion of tho weight. 

Fig. 931. By a vibrating motion of tbe handle, motion is communicated by tbe 
riniou to the racks. This is used in working small air-pumps for scientific experiments. 

Fig. 932 represents a feeding apparatus for the bed of a sawing mtielrinu, By the 
Evolution of the crank at the lower part of the figure, alternate motion is communicated 
to the horizontal artn of the hell-crank lever, whose fulcrum is at a, near the top left’ 
4and corner of the figure. By this means, motion if com muni rated to the catch attached 
to the vertical arm of the lever, and the said catch communicates motion to tho ratchet- 
heel* upon tho shaft of which is a toothed pinion* working in the ruck attached to the 
of the carnage. Tho food U varied by a screw in the hell-crank lever. 

Fig, 933 is the movable hood of a turning lathe. By turning the wheel to the right, 
is communicated to the screw, producing rectilinear motion ot xtee, 
of which tbe centre i$ fixed. 
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Fig. 931. Toe and lifter for working poppet-valves in steam engines* The curved 
me on the rock-elm ft operates on the lifter attached to the lifting rod to raise the valve. 

Fig. 93/i* Conical pendulum, hung by a thin piece of round wire. Lower end con¬ 
nected with and driven in a circle by an arm attached to a vertical rotating spindle* 
Xhe pendulum-rod describes a cone in its revolution. 

Fig. 936. Mercurial compensation pendulum* A gloss jar of mercury is used for the 
bob or weight. As the pendulum-rod is expanded lengthwise by increased temperature, 
t he expansion of mercury in the jar carries it to a greater height therein, and so raises its 
centre of gravity relatively to the rod sufficiently to compensate for downward expansion 
of the rod- As rod is contracted by a reduction of temperature, contraction of mercury 
lowurs it relatively to rod* In this way the centre of oscillation is always kept in the 
aa±uo place, and the effective length of pendulum always the same. 

Fig. 937* Compound bar compensation pendulum. 0 is a compound bar of brass 
Mid iron* or steel brazed together with brass downward* As brass expands more than 
ron, the bar will bond upward as it gets warmer, and carry the weights W, W, up with 
1* raiding the centre of the aggregate weight M, to raise the centre of oecilJation as 
axiuch os elongation of the pendulum-rod would let it down. 

Fig. 93$. Watch regulator. The balance-spring is attached at its outer end to a 
fixed stud li, and ut its inner end to staff of balance, A neutral point is formed in the 
spring at P, by inserting it between 2 curb-pins in the lever, which is fitted to turn on 
fixed ring concentric with staff of balance, and the spring only vibrates between this 
neutral point and staff of balance* By moving lever to the right, the curb-pins aro 
ijade to reduce the length of acting part of spring, and the vibrations of balance are 
[node faster, and by moving it to left an opposite effect is produced* 

Fig* 939, Compensation balance, t, a, i* is the maia bar of balance, with timing 
icrews for regulation at tho ends, t and V are 2 compound bats, of which the outside is 
brass and the inside atari, carrying weights h t b\ As heat increases, these bars nro 
bent inward by the greater expansion of the brass, and tho weights are thus drawn 
tumid, diminishing tho inertia of the balance* As the heat diminishes, an opposite 
is produced. This balance compensates both for its own expansion and contraction, 
and that of the balance-spring* 

Fig. IMG, Endless chain, maintaining power on going barrel, to keep a clock going 
wiido winding, daring which operation tho action of tho weight or main-spring is taken 
ike IsarreL The wheel to the right is the going wheel, and that to the left the 
striking wheel F is a pulley fixed to the great wheel of the going part, and roughened, 
Lo prevent a rope or chain hung over It from slipping. A similar pulley rides on another 
MW p, which may be the arbor of the groat wheel of the striking part, and attached 
a ratchet and click to that wheel, or to clock frame, if there is no striking part, Tho 
height* are hung, as may be aeon, the small one being only large enough to keep the 
r ope or chain on tho pulleys. If tho part b of the rope or chain is pulled down, the 
^tchtt-puUoy runs under tho click, and the great weight is polk'd up by c, without 
^king its pressure off the going wheel at all* 

Fig. 941, Harrison's going barrel Larger ratchet-wheel, to which the click R is 
Mt idled, is connected with the great whoel G by a spring S, S', While the clock Is 
t i g the weight acts upon tho great wheel G, through tho Bpring : but as soon na the 
Weight is taken off by winding, the click T, whoso pivot Ls sot in the frame, prevent* 
larger ratchet from falling bock, and so the spring S, S', still drives tho great wheel 
luring the time the clock takes to wind, as it need only just keep the escapement 
ruing* the pendulum taking care of itself for that ahort time* Good watches have a 
^btitanu&My similar apparatus. 

Fig. 942* A very convenient construction of parallel ruler for drawing, made by 
lilting a quadrangle through tbe diagonal forming two rvgh\-«ig\a tfiwn^ks& k«AW 
1 U mid by sliding the hypothou use of one triangle upon that ut tfcft uIYh-t . 

1 x.% 







500 


Mechanical Movements. 


Fig, 943, Parallel ruler, consisting of a simple straight ruler B* with an atinriisi 
axle C T and pair of wheels A, A, The wheels, which protrude but slightly through (hi j 
under aide of the ruler, have their edges nicked to take hold of the paper and fcsvp tbi 
ruler always parallel with any lines drawn upon it. 

Fig. 944, Compound parallel ruler, composed of 2 simple relore A* A, wmtieriid 
by 2 crossed arms pivoted together at the middle of their length* each pivoted «i me i 
end to one of the rulers, and connected with the other one by a slot and sliding pis. 
rw shown at Ii In this the ends as well as the edges are kept parallel. The jmndpb \ 
of construction of the several rulers represented is taken advantage of in the foraulfoa 
of some parts of machinery, 

Fig, y45. Parallel ruler composed of 2 simple rulers A t B. connected try 2 ptafed 

swinging arms C. 0, 

Fig; 946, A simple means of guiding or obtaining a parallel motion of the pist®- 
rod of an engine. The slide a moves in and is guided by the vertical slot In the 
which is planed hi a true surface. 

Fig- 947 differs From Fig, 946 in having rollers substituted for the si idea m tt* 
cross-head, said rollers working against straight guide-bars a t <i, attached to the frua 
This is used for small engines in Franco. 

Fig. 948. A parallel motion invented by Dr. Cartwright in the year 1787. TV 
toothed wheels C, C t have equal diameter* and numbers of teeth, and the cranks a. a, tof 
equal radii, and are set in opposite directions, and consequently gtv© an equal eblitputj 
to the connecting rods during the revolution of the wheels. The eroas-hcad on to 
piston-rod being attached to the 2 connecting rods, the piston-rod is caused to movein* 
right line. 

Fig* 949. A piston-rod guide* The piston-rod A is connected with a wrist attucM 
to a cog-wheel B, which turns on a crank-pin, carried by a piste C, which is fast on to' 
shaft. The wheel B revolves around a stationary internally-toothed gear D, of donW* 
the diameter of B, and so motion ts given to the crank-pin, and the piston-rod it ty* 
upright 

Fig* 950* Thu piston-rod is prolonged end works in a guide A t which is in hut 
the centre of the cylinder The lower part of the connecting rod is forked to pm i 
the upper part of the piston-rod to pass between. 

Fig. 951, Table engine. The cylinder is fixed on a table-like base. The pisNrfi^ 
has a cross-head working in straight slotted guides fixed on top of cylinder, and I* o* 
nected by 2 side connecting roils with 2 parallel cranks on shaft under the table. 

Fig, 952, An engine with crank motion like that represented in Fig, 75S 
Fig* 926, the crank-wrist journal working in a slotted cross-head A, This cr^-l^ 
works between the pi liar-guides D* D* of the engine framing. 

Fig. 953. A parallel motion used for the piston-rod of side-lever marine engue*. 

F* C ia the radius bar, and E the cross-head to which the parallel bar E. D T is atfeuMi 
Fig* 954* A parallel motion used only in particular cases* 

Fig* 955 show's a parallel motion used m some of the old single-octing bcam-rugnto 
The piston-rod is to mini with a straight rack gearing with a toothed segment on h* 
beam* The back of the rack works against a roller A* 

Fig. 956* An arrangement of parallel motion for side-lever marine engine*. 7k* 
parallel rods connected wiib the side rods from the beams or side levers am «l* i a» 
nee ted with short radius ams on a rack-shaft working in fixed hearings. 

Fig* 957* A parallel motion commonly used for stationary beam-engines. 

Fig* 958. Parallel motion for direct-action engines* In this, the end of the lit 
B, C, is connected with the piston-rod, and the end B elides in a fixed slot D. T L 
radius bar F, A, U connected at F with a fixed pivot, and at A midway between I 
#nds of B, C. 

Fig, 959. Mode of obtaining % ramnoab* OL wtai by one rvFoiati^ > { 
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of a shaft, patented in 18SG by B. F. Snyder, hue been used for operating the needle ef 
a sewing machine, by J. 8* MeCurday, also for driving a gang of aaws* The disc A m 
the central rotating shaft has 2 slots a, a, crossing each other at a right angle m fit# 
csnlxe, and the connecting rod B has attached to it 2 pivoted slides c, c, on© working in * 
each slot* 

Fig. 960, Another parallel (notion. Beam 1), C, with joggling pillar support B, F, , 
which vibrates from the centre F* Tho piston-rod is connected at C* The radio* tar 
E* A, produces the parallel motion. 

Fig, 961. Grasshopper beain-engine. The beam is attached at one end to a mcMog 
pillar A, and the shaft arranged as near to the cylinder as the crank will work A ii 
the radius bar of the parallel motion. 

Fig. 962. A modification, in which the radius bar is placed above the beam* 

Fig. 963. Old-fashioned eingle-acting beam pumping engine on the atnnj»p1irrk 
principle, with chain connection between piston-rod and a segment at end of beam ' 
The cylinder is open at top. Very low pressure sterna is admitted below piston, aid . 
the weight of pump-rod and connections at the other end of beam helps to raise pinan. 
Steam is then condensed by injection, and a vacuum thus produced below piston, which 
ia then forced down by atmospheric pressure, thereby drawing up pump-rod* 

Fig. 964* Parallel motion for upright engine* A, A are radius rods connected *t 
cue end with the framing, and at the other with a vibrating piece on top of phtotnoi 

Fig* 965* Oscillating engine. The cylinder hua trunnions at the middle of to 1 
length working in fixed bearings, and the piston-rod is connected directly with tb 
crank, and uo guides are used* 

Fig* 966, Inverted oscillating or pendulum engine* The cylinder baa trunnion* it 
its upper end, aud swings like a pendulum. The crank-shaft is below, and the piston* 
rod connected directly with crank. 

Fig* 967. Stamp. Vertical percussive falls derived from horizontal rotating ilmfl, , 
The mutilated tooth-pinion acts upon the rack to raise the rod until its teeth lesrs thn 
rack and allow the rod to fall. 

Fig* 968* Another form of parallel ruler* The arms are jointed in the middle i*J 
connected with an in ter mediate bur, by which moans the ends of the ruler, os a ilJ « 
the sides, are kept parallel. 

Fig* 969* Traverse, or to-nud-fro motion, The pin in the upper slot being etatiaearti 
and the one in the lower slot made to move in the direction of the horizontal dotted Hfi^ 
the lever will by ita connection wilh the bar give to the latter a traversing motion into 
guides a, a* 

Fig, 970, Partiile! motion in which the radius rod is connected with the lower ni 
of a short vibrating rod, the upper end of which is connected with the beam, and to 
centre of which the piston-rod is connected. 

Fig. 971* A modification of the crank and slotted cross-head, Fig. 763* The rr» 
head contains on endless groove, in which the crank-wrist works, and which is fonuid 
to produce a uniform velocity of movement of the wrist or reciprocating rod* 

Fig. 972, Section of disc-engine. Disc-piston, seen edgewise, has & motion iub- 
slant Sally like a coin when it first falls after being spun in the air* The cylinder-hewk 
nro cones. The piston-rod is made with a ball to which the disc is attached, mill hill 
working in concentric seats in cylinder-heads, and the left-hand end is attached to lb* 
crank-arm or fly -wheel on end of ©haft at left. Steam i© admitted alternately on riibff 
side of piston. 

Fig, 973. Another arrangement of the Cbineso windlass, illustrated by Fig, 79A 

Fig. 974. The gjroecopc, or rotoscope, an instrument illustrating the tendency^ 
rotating bodies to preserve their plane of rotation. The spindle of the metallic dteC 
is fitted to return easily in bearing in ring; A, If the disc is set in rapid rot*/? 
motion on its mis, and the pitAle F wda qI W* k vutaftoi on the brariAf 
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of the pillar G, the disc and ring seem indifferent to gravity, and instead of 
g begin to revolve about the vertical avia* 

975. Bohneuborgeris machine, illustrating the same tendency of rotating 
This consists of 3 rings, A, A 1 , A*, placed one within the other, and connected 

ts at right angles to each other. The smallest ring A* contains the bearings for 
i of a heavy ball B. The ball being set in rapid rotation, its axis will continue 
ame direction, no matter how the position of the rings may be altered ; end the 
which supports it will resist a considerable pressure tending to displace it. 

976. What is called the gyroscope governor, for steam engines, introduced by 
Anderson, in 1858* A is a heavy wheel, the uxlu B, IV t of which is made in 
i connected together by a universal joint. The wheel A is on one piece B, and 
i I on the other piece B 1 . The piece B is connected at its raiddlo by a hinge- 
rh the revolving frame H t so that variations in the inclination of the wheel A 
ise the outer end of the piece B lo rise and fail* The frame H is driven by bevel- 

from the engine., and by that means the pinion I is carried round the stationary 
circle G, and the wheel A is thns made to receive a rapid rotary motion on its 
lYben the frame 11 and wheel A are in motion, the tendency of the wheel A is 
ne a vertical position, but this tendency is opposed by a spring L. The greater 
of the governor, the stronger is the tendency above mentioned, and the more it 
im the force of the spring, and the reverse. The piece B is connected with the 
4m by rods C, D, and the spring L k connected with the said rods by levers N 

977. Primitive drilling apparatus. Being once set in motion, it is kept going 
1, by alternately pressing down and relieving the transverse bar to which the 
se attached, causing the bands to wind upon the spindle alternately in opposite 
us, while the heavy disc or ily-wheel gives a steady momentum to the drill- 
m its rotary motion. 

378. Traverse of carriage, made variable by fusee, according to the variation 
eter where the hand acta 

979. Continuous rotary motion from oscillating. The beam being made to 
the drum to which the cord is attached, working loose on fly-wheel elm ft, gives 
to mid shaft through the pawl and ratchet-wheel, the pawl being attached to 
3 d the ratchet-wheel fast on shaft. 

980. Another simple form of clutch for pulleys, consisting of a pin on the 
haft and a pin on side of pulley. The pulley is moved length wise of the shaft 
as of a lover or other means, to bring its pin into or out of contact with the pin 

981. Alternating traverse of upper shaft and its drum, produced by pin on the 
he shaft working in oblique groove in the lower cylinder. 

982. See-saw, one of the simplest illustrations of a limited oscillating or 

a circular motion. 

983. Cylindrical rod arranged between 2 rollers* the axes of which are oblique 
other. Thu rotation of the rollers produces both a longitudinal and a rotary 

of the rod. 

984. Intermittent rotary motion from continuous rotary motion about an axis nt 
igles. Small wheel on left k driver; ami tire friction-rollers on its radial studs 
;ainst the faces of oblique grooves or projections across the face of the larger wheel, 

xirt motion thereto. 

985. A parallel ruler with which lines may bo drawn at required distances 
itbont setting out. Lower edge of upper blade has a graduated ivory scale, no 
he incidence of the outer edge of the brass arc indicates the width between the 


988* Drilling machine. By the largo beveLgeat toiarj Mite ^ 
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ill abnit, which elides through small bevel-gear bat is made to turn with it by 
tit! groove, and is depressed by treadle codd acted with upper lever, 

7. Helicogtuph* or instrument for describing helices. The small wheel, by 
about the tiled central point* describes a volute or spiral by moving along 
threaded axle either way, and transmits the tame to drawing paper on which 
per is laid with coloured side downward. 

tft. Describing spiral line on a cylinder. The apur-gear which drives the 
i, end thus gives rotary motion to the cylinder* also gears into the toothed rack, 
y causes the marking point to traverse from cud to cud of the cylinder. 

9, Cycloidal surfaces, causing pendulum to move in cycloidal curve, rendering 
i isochronous, or equal-timed. 

1 * Motion for polishing mirrors, the rubbing of which should be varied as much 
ble. The handle turns the crank to which the long bar and attached ratchet- 
connected. The mirror is secured rigidly to the ratchet-wheel. The long bar, 
nided by pins in the lower rail, has both a longitudinal and an oscillating 
and the ratchet-wheel is caused to rotate intermittently by a click operated 
utrie on the crank-shaft, and hence the mirror has a compound movement. 

1 , White's dynamometer for determining the amount of power required to 
y motion to any piece of mechanism. The 2 horizontal bevel-gears are 
i a hoop-shaped frame* which revolves freely on the middle of the horizontal 
<hich there are 2 vertical bevel-gears gearing to tbo horizontal ones* one fust 
her loose on the shaft. Suppose the hoop to be held stationary, motion given 
ertical bevel-gear will be imparted through the horizontal gears to the other 
e: but if the hoop be permitted it will revolve with the vertical gear put in 
d the amount of power required to hold it stationary will correspond with that 
i from the first gear, and u band attached to its periphery will indicate that 
he weight required to keep it still. 

2. Pair of t*dge runners or chasers for crushing or grinding. The axles are 
with vertical shaft, and the wheels or chasers run in an annular pan or 

■3. Modification of mangle*wheel motion. The large wheel is toothed on 
and an alternating circular motion is produced by the uniform revolution of 
, which passes from one side of the wheel to the other through sn opening on 

the figure. 

4, Robert’s contrivance for proving that friction of a wheel carriage does not 
'ith velocity, but only with load. Loaded wagon is supported on surface of 
■I, and connected with indicator constructed with spiral spring, to show force 
> keep carriage stationary when large wheel is put in motion. It was found 
ence in velocity produced no variation in the indicator, but difference iu weight 
ly did so. 

15, Rotary motion of shaft from treadle by means of an endless band running 
lerou the treadle to an eccentric on tbo shaft. 

#6* 997, Portable cramp drills. In Fig. 99G the feed-screw is opposite the 
in Fig. 997 the drill-spindle posses through the centre of the feed-screw. 

>S. Bo wery's joiners’ clamp* plan and transverse section. Oblong bed has, at 
wo wedge-formed cheeks, adjacent sides of which lie at an angle to each other* 
ive tailed inward from upper edge to receive 2 wedges for clamping the piece or 
rood to be planed. 

9 . Tread-wheel horse*power turned by the weight of an animat attempting to 
ne side of its interior; has bee® used for driving the paddle-wheels of ferry - 
other purposes by horses. The turn-spit dog used oloo to be employed In such 
i ancient times for turning meat while roasting on a spit. 

)00. The treadmill employed in jails iu some countries tor 
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condemned to labour, and employed in grinding grain; turns by weight of pciawi iby. 
ping on tread-boards on periphery. This U supposed to be a Chinese invention, and it • 
still used in China for raising water for iirigatiom 

Fig* 1001* Saw for cutting trees by motion of pendulum* la represented as cutim; i 

lying tree. 

Fig. 1002. Adjustable stand for mirror a, by which a glass or other article ns 
raised or lowered, turned to the right or left, and varied in its inclination. The fttfn u 
fitted into a socket of pillar, and secured by a set screw, and the gtua is hinged to tto 
stem, and a set screw is applied to the hinge to tighten it The same thing u wd k 
photographic camera-stands. 

Fi g, 1003 reprceeti t s the pri n ci pal elem eats of mach inery for dressing cloth and 
comdsting of 2 rollers, from one to the other of which the yarn or cloth is wound, and & 
interposed cylinder having its periphery either smooth-faced or armed with hmdi^ 
teasels, or other contrivances, according to tho nature of the work to be done. Tin** 
dements aroused in machines for sizing wttfpa, gig-tmlb for drying woollen goods, t*l 
in most machines for finishing woven fabrics 

Fig. 1004, Feed-motion of Wood worth's planing machine, a smooth supporting rdk?, 
and a toothed top roller. 

Fig. 1005. Contrivance employed in Ras^a for shutting doors. One pin i« ftebdro 
and turns in socket attached to door, and the other is similarly attached to from' b 
opening the door, pins ure brought together* and weight is raised. Weight closei dan 
by depressing the joint of the toggle towards a straight line, and so widening the t\** 
between the pins. 

Fig. 10QG, Folding library ladder. It is shown open, partly open, and closed; ik 
rounds are pivoted to the aide-pieces, which arc fitted together to form a round pole irks 


closed, the rounds shutting up inside. 

Fig. 1007. Self-adjusting step-ladder for wharfs at which there are rise and fall d | 
tide. The steps are pivoted at one edge into wooden bars forming &tring*pieoca, tai 
I heir other edge is supported by rods suspended from bars forming hand-rails. The dtp* 
remain Larismtol whatever position the ladder assumes. 

Fig. 1008, Lifting jock operated by nn eccentric, pawl, and ratchet. The appet 
pawl is a stop. 

Fig, IO09. Jig-saw, the lower end connected with a crank which work* it, and tie 
upper end connected with a spring which keeps it strained without a gate. 

Fig. 1010. Contrivance far polishing lenses and bodies of spherical form. Tbo 
polishing material is in a cup connected by a ball-and-socket joint and bent pied? d 
metal, with a rotating upright shaft set concentric to the body to be polished. The* ip 
is act eccentric, and by that means is caused to have an independent rotary mfltirt 
about its axis on the universal joint, as well as to revolve about the common axis of tin 
shaft and the body to be polished. This prevents the parts of the surface of thSMf 
from coming repeatedly in contact with the same parts of surface of the lens or rii<* 
body. 

Fig. 1051. Device for converting oscillating into rotary motion. The eemicimuhr ' 
piece A is attached to n lever which works on a fulcrum a, and it has attached fit fids 
ends of 2 bands C and D, which run round 2 pulleys, loose on the shaft of the fly-wheel h 
Land C is open, and baud D crossed. The pul leys have attached to them pawls which ■ 
engage with two ratchet- wheels fast on the fly-wheel shaft. One pawl acts on its vatokd- 
wbeel when the piece A turns one war, and the other when the mid piece luma the other 
way, and thus a continuous rotary motion of the shaft is obtained. 

Fig. 1012, Reciprocating into rotary motion. The weighted racks «, are pivoted 
to tho end of a piston-rod, an 1 pins at the end of the said racks work in fixed findi- 
grooveB 0,5, in such manner that one rack operates upon the cog-wheel in ascending 
the other in descending, and to quuXvxuicna vAatn wAm \* ^evAmbuL Tho cl 1*7** 








im* 10€§, iOOT. 1006. 1005. 
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lever d arid spring d arc? for carrying the pm of the right-hand rack over the opp© 
angle in its guide-groove b. 

Fig, 1013. C. Parsons's device for converting reciprocating motion into rotary* ud 
endless rack provided with grooves on its aide gearing with a pinion having £ era* 
centric flan gee of different diameters. A substitute for crank in oscillating cj hauler 
engine*. 

Fig, 1014. Four-way cook, used many years ago on steam engines to admit tad 
exhaust steam from the cylinder. The 2 positions represented are prod need bjaqutrkf 
turn of the plug. Snppoeing the steam to enter at the top* in the upper figure flu 
exhaust, is from the right end of the cylinder, and in the lower figure the exbitft d 
from the left—the steam entering, of course, in the opposite port. 

Fig, 1015* Com in no us circular into intermittent rectilinear reciprocating. A motion 
used on several sewiug machines for driving the shuttle. Same motion applied to $ 
revolution cylinder printing-presses. 

Fig. 1016, A method of repairing chains, or lightening chains used as gttp a 
braces. Link is made in two part*, one end of each is provided with swivel-nut, tni 
other end with screw ; the screw of each part fits into nut of other. 

Fig, 1017, Continuous circular motion into intermittent circular—the aim C tri-f 
the driver. 

Fig. HUB. A. B, Wilson's 4-motion feed, used in Wheeler and Wilson's, Slnafii.itd 
other sewing machines. The bur A is forked, and has a second bar B. carrying the 
or feeder, pivoted in the said fork- The bar B is lifted by a radial projection on tin* nun 
C, at tho same time the 2 bars arc carried forward, A spring produces the tvtam 
stroke, and the bar B drops of its own gravity. 

Fig, 1019, E. P, Brownell's crank-motion to obviate dead-centres. The praror*** 
the treadle causes the slotted si tile A to move forward with the wrist until the latter U* 
passed the centre, when the spring B forces Ibo slide again at the stops until it 
again required to move forward. 

Fig. 1020, Mechanical means of describing parabolas, the base, ftltitu.de, focus, vd 
directrix being given. Lay straight-edge with near side coinciding with directrix, u4 
square with stock a gainst the same, so that the blade is parallel with the axis* and 
proceed with pencil in bight of thread, os in the preceding. 

Fig. 1021. Mechanical means of describing hyperbolas, their foci and vertices lvine 
given. Suppose the curves 2 opposite hyperbolas, the points in vertical dotted certx* 
line their foci. One end of thread being looped on pin inserted at the other foens, *m 
other end held to other end of rule, with just enough riack between to permit height to 
reach vertex when rule coincides with ceutre line. A pencil held in bight, and fcjt 
close to rule, while latter is moved from centre line, describes one half of parabola i tt* 
rule is then reversed for the other half. 

Fig. 1022. Cyelograph for describing circular arcs in drawings where the center ti 
inaccessible. This ia composed of 3 straight rules. The chord and versed line bsri| 
laid down, draw straight sloping line, from ends of former to top of latter; and to thi* 
lines lay 2 of the rales crossing at the apex. Fasten these rules together, and *noiM 
rule across them to serve ns a brace, and insert a pin or point at each end of chord ^ 
guide the apparatus, which, on being moved against these pointy will describe the & 
by mean* of pencil in the angle of the crossing edges of the sloping rales. 

Fig. 102b, Another eyclopraph. The elastic arched bar is made half the depth ** 
the ends that it is at the middle, and is formed so that its outer edge coincides withi 
true circular arc whin bent to its greatest extent ; 3 points in the required are bciflf 
givcu, the bar is bent to them by means of the screw, each end being confined to it“ 
straight bar by means of a small roller. 

Fig. 1024. Instrument for describing pointed arches. Horizontal bar is dotted id 
StUd with a dido haring pin tor loop oi card, kttfu cfi. vk&atin wood is fixed ib 
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at right angles. Horizontal bar is placed with upper edge on springing line, 
of arch bar ranging with jump of opening* and the latter bar is beat till the 
le meets ape* of arch, fulcrum-piece at its base ensuring its retaining 
L relation to jamb; the pencil ia secured to urcked bar at its connection with 

025* GeutroHnead for drawing lines toward an inaccessible or inconveniently 
lint; chiefly used in perspective. Upper or drawing edge of blade and back of 
egs should intersect centre of joint. Geometrical diagram indicates mode of 
strumunts* tegs forming it may form unequal angles with blade. At either 
tfced lino crossing central* a pin is inserted vertically for instrument to work 
Supposing it to be inconvenient to produce the convergent lines until they 
even temporarily, for the purpose of setting the instrument ns shown, a cor- 
g convergence may bo found between them by drawing a line parallel to and 
itn each. 

096. P. Dickson's device for converting an oscillating motion into intermittent 
in either direction* Oscillating motion communicated to lever A* which is 
with 2 pawls B and C, hinged to its upper side, near shaft of wheel D. 
nk E on upper side of lever A is attached by cord to each of pawls, so that when 
let into contact with interior of rim of wheel D, it moves in one direction, und 
i out of gear. Motion of wheel D may be reversed by lifting pawl C, which 
ir t and letting opposite one into gear by crank E. 

027* Proportional compasses used in copying drawings on a given larger or 
sale* The pivot of compasses is secured in a elide which is adjustable in the 
md sluts of legs, and capable of being scoured by a act screw ; the dimensions 
between one pair of points and transfer red with the other pair, and thus 
or diminished in proportion to the relative distances of the point* from the 
scale is provided on one or both legs to indicate the proportion, 

028. Buchanan and High Leris slide valve motion. Valve A is attached in 
1 of rod B, and free to slide horizontally on valve-seat. Upper end of rod B 
id to a pin, which slides in vertical slots, and a roller O, attached to the said 
s in 2 suspended and vertically adjustable urea D. This arrangement is 
to prevent the valve from being pressed with too groat force against Its seat by 
ire of steam* and to relieve it of friction. 

029. Trunk-engine used for marine purposes. The piston has attached to it a 
the lower end of which the pitman is connected directly with the piston. The 
rka through a stuffing box in cylinder-bead. The effective area of the upper 
ie piston is greatly reduced by the trunk. To equalize the power on both 
iistan, high-pressure steam has been first used on the upper aide, and after- 
lausted into and used expansively in the part of cylinder below. 

030, Oscillating piston engine. The profile of tbo cylinder A is of the form of 
The piston B is attached to a rock-shaft O, and steam is admitted to the 
4 i operate on one and the other side of piston alternately, by menus of a elide- 
aubetantially like that of an ordinary reciprocating engine. The rock-shaft is 
i with a crank to produce rotary motion. 

03!. Boot's double-quadrant engine. This is on the same principle as Fig. 1030 ; 
(le-eeting pistons B, B, are need, and both connected with one crunk D, The 
idmiUed to act on the outer sides of the 2 pistons alternately by means of one 
-valve a* and is exhausted through the space between the pistons. The piston 
i connections are such that the steam acta on each piston during about | revo- 
the crank, and hence there are no dead-points. 

032. One of the many forms of rotary engine, A is the cylinder having the 
ass centrally through it. Tbe piston C is simply an eccentric fast on the shaft, 
iug in contact with the cylinder at one point, Thfc mAw&on. wVkA 
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steam take place ns indicated by arrows* and the proas ore of the steam on one udt oi 
the piston produces its rotation and that of the shaft The sliding abutment D, betwrec 
the induction and eduction ports* moves out of the way of the piston to let it pa«. 

Fig* 1033. Another form of rotary engine* in which there are 2 stationary abutment! 
D t D, within the cylinder; and the two pistons A, A, in order to enable them to fan i 
the abutments, are made to slide radially in grooves in the hob C of the main shaft B. 
The steam acts on both pistons at once, to produce the rotation of the hub and thsft 
The induction and eduction are indicated by arrows. 

Fig* 1034. Bisecting gauge. Of 2 parallel cheeks on the cross-bar one is fixed an 3 tb# 
ether adjustable, and held by thumb-screw. In cither cheek is entered one of 2 «hrri 
bars of equal length* united by a pivot, having a sharp point for marking. This peat 
is always in a central position between the checks* whatever their distance apart, so tlut 
any parallel-sided solid to which the checks arc adjusted may be bisected from tul t> 
end by drawing thu gauge along it. Solids not parallel-aided may be bisected in Hb 
manner, by leaving one cheek loose, but keeping it in contact with solid. 

Fig. 1035. Self-recording level for surveyors, consists of a carriage, the shape d 
which u governed by an isosceles triangle, having horizontal base. The einramfcren® 
of each wheel equals the hose of the triangle. A pendulum, when the instrument ii ra 
level ground, bisects the base; and when on an inclination* gravitates to right or 1 ft 
from centre accordingly. A drum, rotated by gearing from one of the carriage wheel*, 
carries sectionally ruled paper, upon which pencil on pend u him traces profile correspond 
iug with that of ground travelled over* The drum can bo shifted vertical!/ to srrori 
with any given scale; and horizontally, to avoid removal of filled paper. 

Fig. 1036. A device for assisting the crank of u treadle motion over the dead^cefctas 
The helical spring A has a tendency to move the crank B in direction at right angle* Im 
dend-ceotree* 

Fig. 1037* Continuous circular motion into n rectilinear reciprocating. The shaft A 
working in a filed bearing D, is bent on one end^ and fitted to turn in a socket it tb* 
upper end of a rod B, the lower end of which works in a socket in the slide C. Mtod 
lines show the position of the rod B and slide, when the shaft has made } revolntim 
from thu position shown in hold lines. 

Fig* 1033* Continuous circular motion converted into a rocking motion* Used b 
■olf-racking cradles. Wheel A revolves and is connected to a wheel B, of greater nulim, 
which receives an oscillating motion, and wheel B is provided with two flexible batrii 
G, D, which connect each to a standard or post, attached to the rocker £ of (hi 
cradle* 

Fig* 1039* Root's doubletreeiprocating or square piston engine. The cylinder A d 
Ikia engine is of oblong square form, and contains 2 pistons B and C, the former worries 
horizontally, and the latter working vertically within it. The piston C is connedri 
with the wrist a of the crank on they main shaft b* The ports for the admission of 
steam arc shown block. The 2 pistons produce the rotation of the crank without disii- 
points. 

Fig, 1040. Another rotary engine, in which the shaft R works in fixed bearing 
eccentric to the cylinder* The pistons A, A, are fitted to slide in and out from grow** 
in the hub 0* which is concentric with the shaft, but they are always radial ta tfc* 
cylinder, being kept so by rings (shown dotted), fitting to bubs on the cylinder-bowk 
The pistons slide through rolling packings A, A, in the hub G* 

Fig. 1041, The indiorubber rotary engine, in which the cylinder hoi a finite 
lining E of indiarubber, and rollers A, A, are substituted for pis Urns, said rollers bci&f 
attached ta arms radiating from the main shaft B. The steam acting between the Mis* 
rubber nod the surrounding rigid portion of the cylinder prewes the indiambber sgatial 
fill rollers, nod causes them to revolve around tho cylinder and tuna the shaft. 

Ffjf, 1942, Uully’e doubVe*c\V\^Ucn\ toUn TWT aUi^UwU pistons geared 
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together are operated upon by the steam entering between them in such manner M to j 
produce tbeir rotary motion in opposite diroctioua. 

Theae rotary engine® can all be converted into pumps. 

Fig. 1043. Jonval turbine. The shutes are arranged m the outside of a dram, 
radial to a common centre, and stationary within tho trunk or casing & The wheel c it 
made in nearly the s?ame way; the buckets exceed in number those of the limits, .id 
are set at a Blight tangent instead of radially, and the curve generally need a that of tie 
cycloid or parabola. 

Fig. 1044, A method of obtaining a reciprocating motion from a continuous U) -i 
water, by means of a valve in the bottom of the bucket which open® by striking ttr 
ground, and thereby emptying the bucket, which is caused to rise again by tbefldiuW 
a counterweight on the other side of the pulley over which it is suspended. 

Fig. 1045. Overshot water-wheel. 

Fig, 1046, Undershot water-wheel. 

Fig, 1047. Breast-wheel. This holds intermediate place between overshot and undir* 
shot wheels; has flout-boarda like the former, but the cavities between are ccinrartol 
into buckets by moving in a channel adapted to circumference and width, and into 
which water enter® nearly at the level of axle. 

Fig, 1048. Horizontal overshot water-wheel. 

Fig. 1040. A plan view of the Fouraeyron turbine water-wheel. In the centre sr i 
number of fixed curved shuts® or guide® A, which direct the water against the badd* 
of the outer wheel B t which revolves, and the water discharges at the circtimrefaooa 

Fig, 1050, Warren’s central discharge turbine, plan view. The guides a are outafc, 
and the wheel b revolves within them, discharging the water at the centre. 

Fig, 1051. Volute wheel, having radial vanes a, against which the water imping** 
and carries the wheel around, Tho scroll or volute casing b confine* the water limit 
a manner that it acts against the vanea all around the wheel. By the addition 
inclined buckets c t c, at the but tom, the water is made to act with additional fern 4 j i 
escapes through the evenings of said buckets. 

Fig. 1052. Barker, or reaction mill, Eotary motion of central hollow ahull M 
obtained by the reaction of the water escaping at tho ends of its arms* tlie rotation UlO# 
in a direction the reverse of the escape. 

Fig. 1053 represents & trough divided transversely into equal parte, and supported <* 
an axis by a frame beneath. Tho fall uf water filling one side of the divukw, tt*» j 
trough is vibrated on itn axis, and at the fume time that it delivers the water 
opposite side is brought under the stream and filled, which in like manner ptwlwtv 
the vibration of the trough back again. Tins has been used as a water meter. 

Fig, 1054. Persian wheel, used in Eastern countries for irrigation. It baza Wk* | 
shaft and curved floats, at the extremities of which are suspended buckets or hit*. Th* fl 
wheel is partly immersed in a stream acting on the convex surface of its floats; tad 
as it is thus caused to revolve, a quantity of water will be elevated by each 
at each revolution, and conducted to the hollow shaft at the same time that on® of IV 
buckets carries its fill of water to a higher level, where it is emptied by coming in eon lad ! 
yith a stationary pin placed iu a convenient position for tilting ii 

Fig, 1055. Machine of ancient origin, still employed on the river Enoch, in ti 1 
Tyrol, for raising water, A current keeping the wheel in motion, the pots <m i» 
periphery tire successively immersed, filled, and emptied into a trough above tU 
Stream, 

Fig, 1056, Application of Archimedes* screw to raising water, the supply i<iw» 
baing the motive fewer. The oblique shaft of the wheel him extending througfa H 
a spiral passage, the lower end of which is immersed in water, and the ilnsni, t(W 
upon the wheel nt its lower end, produces its revolution, by which the water is coMipri 
upward continuously through the «£\nX at the top. 
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Fig. 1057* Montgolfier’* hydraulic ram. Small fall of water made to throw a jet to 
% gr^at height of furnish a supply at high level. The right-hand valve being kept 
jpea by a weight or spring, the current flowing through the pipe in the direction 
of the arrow escapee thereby till its pressure, overcoming the resistance of weight or 
spring* closes it. On the dosing of this valve the momentum of the current over¬ 
come the pros sure on the other valve, opens it, and throws a quantity of water into 
the globular air-chamber by the expansive force of the air in which the upward 
aftettn from the nozzle U maintained. On equilibrium taking place, the right-hand 
valve opens and left-hand one shuts. Thus, by the alternate action of the valves, a 
quantity of water is raised into the air-chamber at every stroke, and the elasticity of 
ike air gives uniformity to the efflux. 

Figs. 1058, 1059. D^Bctol’s oscOlating column, for elevating a portion of a given fall 
of water above the level of the reservoir or head, by means of a machine, all the 
parts of which arc absolutely fixed* It consists of an upper and smaller tube, which 
is constantly supplied with water, and a lower and larger tube, provided with a 
circular plate below concentric with the orifice which receives the stream from the 
tube above* Upon allowing the water to descend, as shown in Fig. 1058, it forma itself 
gradually into a cane on the circular plate, as shown in Fig. 1059, which cone protrudes 
into the tins Her tube so as to check the flow of water downward ; and the regular supply 
^rationing from above, the column in the upper tube rises until the cone on the oir- 
scalar plate gives way. This action is renewed periodically, and is regulated by the 
wupply of water. 

Fig. 10(50. This method of passing a boat from one shore of a river to the other is 
c^jtnmuo on the Rhino and elsewhere, and is effected by the action of the stream on the 
ladder, which carries the boat across the stream in the arc of a circle, the centre of which 
ii the anchor which bolds the boat from floating down the stream. 

Fig. 10G1. Common lift-pump* In the up-stroke of piston or bucket the lower valve 
opens and the valve* in piston shuts; a hr is exhausted out of suction-pipe, and water 
*-ushes up to fill the vacuum. In down-stroke lower valve is abut and valve in piston 
opeoa, and the water simply passes through the piston* The water above piston is 
1 if ted up, and runs over out of spout at each up-stroke. This pump cannot raise water 
c«Ttir 30 ft. high. 

Fig. 1062. Ordinary force-pump, with 2 valves. The cylinder is above water, and is 
Fitted with solid piston; one valve cloaca outlet-pipe, and other doses suction-pipe. 
Afllieu piston is rising suction-valve is open* and water rushes into cylinder, outlet-valve 
^eing dosed* On descent of piston suction-valve close-, and water is forced up through 
v#uiiet-vdvo to any distance or elevation. 

Fig* 1063. Modern lifting pump. This pump operates in same manner ns one m 
f rafiou* figure, except that pUton-rod passes through stufling box, and outlet is closed 
• y a ilnp-vaivo opening upward. Water can be lifted to any height above this pump* 

Fig. 1064* Force-pump, same as 10G2, with addition of air-chamber to the outlet, 
t*4 produce a constant flow. The outlet from air-chamber is shown at 2 places, from 
Either of which water may bo taken. The air is compressed by the water during 
Ih* downward stroke of the piston, and expands and presses out the water from the 
chamber during the up-stroke* 

Fig, 1065. Double-acting pump. Cylinder dosed at each end, and piston-rod passes 
through stuffing box on one end, and the cylinder has 4 openings covered by valves, 
5 for admitting water and like number fur discharge. A is suction-pipe, and B discharge- 
£ape. When piston moves down, water rushes in at suction-valve 1, on upper end of 
oyUnder, and that below piston is forced through valve 3 and discharge-pipe B ; on the 
S^istou ascending again, water is forced through discharge-valve 4, on upper end of 
cylinder, and water enters lower suction-valve 2. 

Fig* 1066. Double lantern-bellows pump. As one? U Web, akx 

1 V 
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is rarefied within it p and water passes up BUction-pipe to fill apaoe : at same tima e 
Willows U compressed, and espek its contents through discharge-pipe j valves w rka^ 
the flame as in the ordinary force-pump* 

Fig. 1067* Old rutary pump* Lower aperture entrance for water, and upper fore 
Central part revolves with its valves, which fit accurately to inner surfec® of« 
cylinder* The projection shown in lower side of cylinder is an abutment todrwti 
valves when they reach that point* 

Fig* 1068. Cary's rotary pump* Withiu the fixed cylinder there is placed a remlnsj 
drum B, attached to an axle A* Heart-shaped cam A, surrounding axle, k also f 
Revolution of drum causes sliding piatous c, c t to move in and out, in obedience to N j 
of cam. Water enters aud is removed from the chamber through porta L and M; blj 
directions are indicated by arrows. Cam is so placed that each piston is, in i 
forced back to its sent when opposite E p and at some time other piston is forced hi 
against inner side of chamber, thus driving before it water already there into i 
H, ami drawing after it, through miction-pip© F, the stream of supply- 

Fig. 1069* Hiero's fountain* Water being poured into upper vessel descends ink 
right into lower; intermedia to vessel being also filled and more water poured into api 
confined air in cavities over water in lower and intermediate vessels, and m < 
rnunicatipn tube on left, being compressed, drives by its elastic force a jet up % 
tube- 

Fig- 1070. Diaphragm forcing pump* A flexible diaphragm is employed Instead J 
bellows, and valves are arranged same as in preceding. 

Fig. 1071. Commou mode of raising water from wells of inconaider&ble 
Counterbalance equals about § weight to lie raised, so that the bucket ha* to be puN j 
down when empty, and is assisted in elevating it when full by counterbalance. 

Fig, 1072, The common pulley and buckets for raising water ; the empty ! 
pulled down to raise the full one* 

Fig. 1073. Reciprocating lift for wells* Top part represents horizontal wmd-i 
ou a shaft which carries spiral thread. Coupling of latter allows small vibration, t 
it may net ou on© worm-wheel at a time, Behind worm-whenls are pulleys* over which ! 
passes rope which carries bucket at each extremity. In centre is vibrating tappet 
which bucket strikes in its ascent and which, by means of arm in step wherein spiml J 
and shaft are supported, traverses spiral from one wheel to other, ao that the birtalj 
which hue delivered water is lowered and other one raised. 

Fig. 107 i . Fair bid m's bailing scoop, for olevati ng w& ter short d [stances* Th * 
is connected by pitman to end of a lever or of a beam of single-acting engine. 
uf lift may be altered by placing end of rod in notches shown in figure. 

Fig. 1075, Another apparatus operating on the same principle ns Fig* 
is termed a Lanadell’fl steam siphon pump* A is the jet-pipe; T5, B, are 2 suction-pip 
I laving a forked connection with the discharge-pip© C. The steam jet-pipe eutrrii^ ll 
the fork offers no obstacle to the upward passage of the water, which moves upward « 
an unbroken current. 

Fig. 1076- Pendulums or swinging gutters for raking water by their pemfaM | 
moliona. Terminations at bottom are scoops, and at top open pipes; intermediate i 
are formed with boxes and flap-valve, each connected with 2 branches of pipe. 

Fig- 1077* Chain pumps; lifting water by continuous circular motion, 
mi tal discs, carried by endless chain, are adapted to water-tight cylinder, and form i 
it a succession of buckets filled with water* Power is applied at upper wheel. 

Fig* 1076* Self-acting weir and scouring sluice* Two leaves turn on pivots hr + 
centre*; upper leaf much larger than lower, and turns in direction of stream, w 
lower turns against it. Top edge of lower leaf overlaps bottom edfr© of upper cue. 

Is forced h gainst it by pressure of wafer. In ordinary states of if ream, countered 
toHwmvs keep weir vertical and sa \w \k» Mt-hand figure, and water i 
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through notch in upper leaf but ou water rUing above ordinary level, pressure sbw 
from greater surface and leverage overcomes resistance below, upper leaf turn mt 
pushing back lower, reducing obstructions, and opening at bed a passage to deposit 

Fig. 1079. Balance pumps. Fair worked reciprocally by a person pressing tfc* 
nately on opposite ends of lever or beam. 

Fig. 1080. Steam hammer. Cylinder fired above and hammer attached to hw<r ed 
of piston-rod. Steam being alternately admitted below piston and allowed to raaj*, 
raises and lets fall the hammer. 

Fig, 1081. Hotchkiss's atmospheric hammer; derives the force of ita blow hm m 
pressed air. Hammer-head C is attached to a piston fitted to a cylinder B> nidi* 
connected by a rod D with a crank A on the rotary driving abaft. A§ the cyliadk 
ascends, air entering hole e is compressed below piston and lifts hammer. As rytiaJf 
descends, air entering hole e is compressed above, and is stored up to produce Us Hw 
by its instant expansion after the crank and connecting rod turn bottom centre 

Fig. 1032. French invention For obtaining rotary motion from different tatfatfc* 
in 2 bodies of water. Two da terns contain water; that in left at natural lemperitfii 
nud that in right higher, 1ft right is a water-wheel geared with Archimedean wav ~ 
left. From spiral screw of the latter a pipe extends over and pawiea to the nailer et 
of wheel. Machine is started by turning screw in opposite direction to that format 
water, thus forcing down air, which ascends in tube, creases and descends, sad iap® 
motion to win e! ; and its volume increasing with change of temperature* it is snAi**? 
the machine in motion. We are not informed how the difference of tompetsbiit^ 
maintained. 

Fig, 1033. Flexible water-main, plan and flection: 2 pipes of 15 in. sail* a 
interior diameter, having same of their joints thus formed, conduct water 
Clyde to Glasgow Water-worts, Pipes are secured to strong log frames, hiring bbfS 
with horizontal pivots. Frames and pipes were put together on south side of Un-tr^ ■ 6 
and, the north end of pipe being plugged, they were hauled western by crato 1 !* P 
north side, their flexible structure enabling them to follow the bed. 

Fig. 1084. Air-pump of simple construction, Smaller tube inverted 
The latter contains water to upper dotted line, and the pipe from shaft or ipux * ** * 
exhausted ptiifcK?a through it to a few inches above water* terminating with 1 

upward. Upper tube baa short pipe and upwardly-opening valve at t tjfrd* ' 
suspended by ropes from levers. When upper tube descends, greet part of air wiA* 1 ' l 
expelled through upper valve, m that, when afterward raised, rarefaction withia a* 1 v * 
gtui or air to ascend through the lower valve. This pump was successful}; 
drawing off carbonic acid from a large and deep shaft 

Fig. 1085. AeolipOe, or Hero's stcazn toy, described by Hero of Alexandria, ^ 
n.a., and now regarded as the first steam engine, the rotary form of which it 
considered to represent From Iho lower vessel, or boiler, rise 2 pipes conducting* 1 * ’ 
to globular vessel above, and forming pivots on which the said vessel is cauwd tort*** * 
in the direction of arrows, by the escape of steam through a number of bent ant* ^ 1 

works on the same principle as Barker’s mill. 

Fig. 1083. Brear's bilge ejector, for discharging bilge-water from ve®ek* lr 
raising and forcing water under various circumstances. D is a dumber having 
a auction-pipe B and discharge-pipe C, and having a steam-pipe entering at ow «* 
with a nozzle directed toward the discharge-pipe. A jet of steam entering ttaflft t 
expels the air from D and C, produces a vacuum in B, mil causes water to rise dm# I 
B, and pass through D and C in a regular and constant stream. Comprws^l sh & 
be used as a substitute for steam. 

Fig. 1087. Gasometer. The open-bottomed vessel A is arranged in the task 
water, and partly counterbalanced by weights C, 0. Gas enters the gasometer fcj m 
and leaves it by the other ot Vhel pv^ta mrettaA the bottom of the uak * 
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£*8 enters, vessel A rises, and rice vena. The pressure is regulated by adding to or 
reducing the weights C, C* 

Fig, 1088- Hoard and Wiggin's steam trap for shutting in steam, but providing for 
Che escape of water from steam coils and radiators. It consists of a box, connected at A 
with the end of the coil or the waste-pipe, having an outlet at B and furnished with a 
liollow valve D, the bottom of which is composed of a flexible diaphragm. Valve is 
Calkd with liquid, and hermetically sealed, and its diaphragm rests upon a bridge over 
Ahe outlet-pipe* Hie presence of steam in the outer box eo heats the water in valve 
Ahol the diaphragm expends and raises valve up to the seat a a. Water of condensation 
meeuuHilatmg reduces the temperature of valve; and os the liquid in valve contracts, 
•diaphragm allows valve to descend and let water off. 

Fig, 1089, Kay's steam trap. Valve a closes and opens by longitudinal expansion 
and contraction of waste-pipe A, which terminates in the middle of an attached hollow 
®pherc C* A portion of the pipe is firmly secured to a fixed support B* Valve consists 
cf a plunger which works in a stuffing box in the sphere, opposite the end of the pipe, 
mud it is pressed toward the end of the pipe by a loaded elbow lever D as far as per- 
suit bid by a stop-sere w b and stop e* When pipe is filled with water, its length is so 
'vtdoced that valve remains open; but when filled with steam it la expanded so that 
'valve closes it Screw b serves to adjust tire action of valve* 

Fig, 1 09Q. Another kind of gasometer. The vessel A has permanently secured 
'Writhin it a central tube a which slides in a fixed tube b in the centre of the tank. 

Fig* 1001* Wet gas meter. The stationary cose A is filled with water up to above 
Abe centre* The inner revolving drum is divided into 4 compartments B, B, with inlets 
**r"und the central pipe a which introduces the gas through one of the hollow journals 
wjf the drum* This pipe is turned up to admit the gas above the water, as indicated by 
Ihe anew near the centre of the figure. As gas outers tho compartments B, 11, one after 
•oother, it turns the drum in the direction of the arrow shown near its periphery, dis- 
phtcing the water from them. As the chambers pass over they fill with water again* 
The cubic contents of the compartments being known, and the number of tho revolu* 
tiooa of the drum being registered by dial-work, the quantity of gas passing through 
the meter is registered* 

Fig. 1092. Powers's gas regulator for equalizing the supply of gas to all the burners 
«f a building or apartment, notwithstanding variations in the pressure on tho main, or 
variations produced by turning gas on or off, to or from any number of the burners. 
The regulator-valve D, of which a separate outside view is given, is arranged over inlet- 
pipe E, and connected by a lever d, with an inverted cup H, the lower edges of which, 
as well as those of valve, dip into channels containing quicksilver* There is no escape 
of gas around the cup H, hut there are notches 6 in the valve to permit the goa to pass 
over the surface of the quicksil ver* As the pressure of gas increases it acts upon the inner 
surface of cup H, which is larger than valve, and the cup is thereby raised, causing a 
depression of the valve into the quicksilver, and Contracting the opening notches 6, and 
fLiuiniihing the quantity of gas passing through. As the pressure diminishes, an 
opposite result is produced. The outlet hi burners is at F, 

Fig. 1093* Dry gas meter* Consists of 2 bellows-like chambers A, A, which are 
alternately filled with gas and discharged through a valve B, something like the slide- 
valve of a steam engine, worked by the chambers, A* A* The capacity of the chambers 
being known, and tho number of times they are filled being registered by dial-work, the 
quantity of gas passing through the meter is indicated on the dials. 

Fig* 1094* A spiral wound round a cylinder to convert the motion of tho wind, or a 
stream of water, into rotary motion* 

Fig* 1095* Common windmills illustrating the production of circular motion by tho 
direct action of the wind upon the oblique sails* 

?ig- 1Q9& Thm a vertical windmill* TJie sails ate SO ^WoU^ Vo 
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Igcs in returning toward the wind, but to present their faces to the action of the wind, 
*e direction of which is supposed to be as indicated by the arrow. 

Fig- 1007. Common paddle-wheel for propelling vessels. The revolution of the 
*e<! causes the buckets to press backward against the water, and bo produce the forward 
Movement of the vessel. 

Fig. 1098. Sexew*propeller* The blades are flections of n screw-thread, and their 
volution in the water has the same effect as the working of a screw in a nut, producing 
lotion in the direction of the axis, and so propelling the vessel* 

Fig. 1099* Vertical bucket paddle-wheel. The buckets ti, a, are pivoted into the 
rros b, h, at equal distances from the shaft. To the pivots aro attached cranks c, o 
rhieh are pivoted at their ends to tho anna of a ring d, which is fitted loosely to a 
Utionary eccentric t. The revolution of the anna and buckets with the shaft causes 
ic ring d also to rotate upon the eccentric, and the action of this ring an the croaks 
frepe the buckets always upright, ao that they enter the water and leave it edgewise 
without resistance or lift, and while in the water are in the mn«t effective position for 
sropuJsion* 

Fig* 1100. Brown and Level's boat-dctacMog hook* The upright standard is 
Beared to the boat, and the tongue, hinged to its upper end, enters an eye in the lever, 
which works on a fulcrum at the middle of the standard. A similar apparatus is 
applied at each end of the boat* The hooks of the tackles hook into the tongues, which 
are **oure until it is desired to detach tho boat, when a rope attached to the lower end 
of isicb lover is pulled in such a direction os to slip the eye at the upper end of the 
lever from off the tongue, which, being then liberated, slips out of the hook of the tackle 
an-! detaches the boat. 

k Fig* U01* Ordinary steering apparatus* Plan view, Ou the shaft of the hand- 
wheel there is a barrel, on which is wound a rope, which passes round thu guide-pulley a 
tod hm its opposite ends attached to the tiller, or lever, on top of the rudder; by turn* 
log the wheel, ona end of the ropo ia wound on and the other Jet off, and the tiller is 
moved in one or the other direction, according to tho direction in which tho wheel is 
timed. 

Fig. 1102* Capstan. The cable or rope wound on the barrel of tho capstan is hauled 
n by turning the capstan ou its axis by means of han dap ikes, or bars inserted into holes 
n the head. The caftan is prevented from turning bock by a pawl attached to its 
-oirer part and working m a circular ratchet on the base. 

Fig, 1103. I^ewis, for lifting stone in building. It is composed of a central taper 

or wedge, with 2 wedge-like packing pieces arranged one on each side of it. The 
* pieces are inserted together in a hole drilled into the stone, and when the contra) wedge 
a hoisted upon it wedges the pocking pieces out so tightly against the sides of tho hole 
*3 to enable the stone to be lifted. 

Fig* 1104* Tongs for lifting stones* Tho pull ou the shackle which connects the 2 
inks causes the latter so to act on tho upper arms of tho tongs as to make their points 
y ttm themselves against or into the stone. The greater the weight the harder tho 

*°ngi bite. 

Fig. 1193. Drawing and twisting in spinning cotton, wool, &o* Tho front drawing-* 
tails B rotate fester than the back ones A, and bo produce a draught, and draw out Die 
Shres of the sliver or roving passing between them* Roving passes from the front 
tea wing-rolls to throstle, which, by its rotation around the bobbin, twists and winds the 

am on the bobbin. 

Fig* 1106* Fan-blower. The casing has circular openings in its sides, through which, 
') lire revolution of the shaft and attached fan-blades, air is drawn in at the centre of 
ha nosing, to be forced out under pressure through the spout. 

Fig. 1107. Siphon pressure gauge. Lower part of bent lube contains uwnaiet, T\ia 
tg of the tube, against which the scale is marked, is open 
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notei with like tteam boiler or other apparatus on which the pre«ttpe Ls to fe 
Tlw pttjosmc on the mercury m the one leg causes it to be depressed in that and 
fci the other, until there is an equilibrium established between the weight of 
**I prewure of tdeam in one leg, and the weight of mercury and pressure of 
a Ik ether. This is the most accurate gauge known ; but aa high pressure 
a tube, it baa given place to those which are practically accurate enough 
vo convenient form. 

Fig. 1108, Mercurial bn remoter. Longer leg of bent tube, against which ii 
tU oaote of inches, is closed at top, and shorter one is open to the atmosphere* a 
cOTTtttl with some porous material. Column of mercury in longer leg* from which 
■ir baa been extracted, is held up by the pressure if air on the surface of that in 
» A<i«r leg* and rise® or falls as the pressure of the atmosphere varies* The 
fashioned weather-glass is composed of a similar tube attached to the back of a dial* «rd 
a float inserted into the shorter leg of the tube, and geared by a rack and piuwn? 
cord and pulley, with the spindle of the pointer* 

Fig, 1109* A very simple form of the epioydic train, in which F, G h the ux 
to tho central shaft A, upon which are loosely fitted the bevel-winds C, It 
The arm is formed into an axle for the bevel-wheel B, which is fitted to turn freely iip* 
*L Motion may he given to the two wheels C, D, in order to produce aggregate m tr» 
of the arm, or else to the am and one of said wheels in order to produce aggrtftfft 
motion of the other wheel. 

Fig, 1110* Ferguson's mechanical paradox, designed to show a curious pmjwftyi 
the epicyelic train* The wheel A is fixed upon a stationary stud, about which the its 
C, D, revolves. In this arm are 2 pins M t N, upon one of which is fitted Sc* tscly a tiki 
wberi B gearing with A, and upon the other nro 3 loose wheels E, F, G, all 
with B. When the anu 0,D, U turned round on the stud, motion U given in tie J 
wheels E, F, G* on their common axis, namely, the pin N; the 3 forming with Ik 
intermediate wheel IS and the wheel A 3 distinct epioydic trains* Suppose A to her 
20 teeth, F 20, E 21, and G 19 ; as the arm E, C, U, is turned round F will appear 
to turn on its axis, as any point in its circumference will always point in one duerttt, 
while E will appear to turn slowly in one, and G in the other direction, whieli-w 
apparent paradox—gave rise to the name of the apparatus. 

Fig. 1111* Aneroid gauge, known as the Bourdon gauge, from the nnmetfiJi 
inventor, a Frenchman, B is a bent tube closed at its ends, secured at G, the middle 4 
its length, and haring its ends free. Pressure of steam or other fluid admitted totoh 
!• mis to straighten it more or less, according to its intensity. The ends of tub* c* 
connected with a toothed sector-piece* gearing with a pinion on tho spindle of a paste, 
which indicates the pressure on a dial. 

Fig, 1112. Pressure gauge now seldom used. Sometime* known as the Magdobicf 
from tho name of the place where first manufactured* Face view and Bcrt>t 
The fluid whoso pressure is to be measured acts upon a circular metal disc A, grnetdb 
cverugnted, and the deflection of the disc under the pressure give* motion to a toolhd 
»y tor r, which gears with a pinion on the spindle of tho pointer, 

Figl 113. An epicyclio train. Any train of gearing the axes of tho wheel* ofvbd 
iwvItg around a common centre is properly known by this name. The wheel st *» 
d of such a train, if not those at both ends, is always concentric, with tho rtrohraf 
’tac. C is the frame or train-bearing arm* The centre wheel A, concentric wrtb 
this frame, gears with a pinion F to the same axle, with which i* aeenred a whrel E 
ml gears with a wheel B. If the first wheel A be fixed, and a motion be given tit 
.-mi*? C, the train will revolve round the fixed wheel, and the relative motion of th* 
to the fixed wheel will communicate through the train a rotary motion tolal 
^ Of the first wheel a* wvill wsi the frame may he made to revolve with difftea* 
v* f with the seme result exsas^x*a Vi vV sprites %uqaa its ao. 
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la the cpicyolic train as thus described, only the wheel at one extremity is con con trio 
with the revolting frame; but if the wheel E, instead of gearing with B, be made to 
pear with the wheel D, which, like the wheel A, is concentric with the frame, we have 
ho opicycib train, of which the wheels at both extremities are concentric with the frame. 
In this train we may either communicate the driving motion to the arm and one extreme 
wheel, in order to produce ait aggregate rotation of the other extreme wheel, or motion 
may be given to the 2 extreme wheels A and D of the train, and the aggregate motion 
will thus be communicated to the arm. 

Fig. 1114. Another simple form of the epicydic train, in which the arm D carries a 
pinion B, which gears both wilh a spur-wheel A and an annular wheel C,both concentric 
\Atih the axis of the arm. Either of the wheels A, C, may bo stationary, and the 
involution of the arm and pinion will give motion to the other wheel 

Fig. 1115. Another epicyclic train in which neither the first nor lost wheel is fixed, 
wi* n is a shaft to which is firmly secured the train-bearing arm k t J, which carries the 
•J wheels d, e, secured together but rotating upon the arm itself. The wheels ft and c 
*ir© united, and turn together freely upon the shaft m, n; the wheels / and g are also 
secured together, but turn together freely on the shaft m, n. The wheels c, d, e, and /, 
constitute an epicyclic train, of which o is the firat and / the last wheel. A shaft A fo 
* employed as n driver, and has firmly secured to it 2 wheels a and ft, the first of which gears 
with the wheel ft, and thus communicatee motion to the first wheel c of the epicydic 
train, and the wheel ft drives the wheel g , which thus gives motion to the last wheel /. 
Motion communicated this way to the two ends of the train produces an aggregate 
motion of the arm ft, I, and shaft m, n. 

This train maybe modified; for instance, suppose the wheels g and / to be disunited, 
g to be fixed to the shaft m, n, and / only running loose upon it. The driviug shaft A 
will, ns before, communicate motion to the first wheel c of the epicydic train by means 
of the wheels a and b t and will also by ft cause the wheel g, the shaft m. n* and the 
train-bearing arm ft, f, to rovolvo, and the aggregate rotation will ho given to the loose 
wheel /. 

Fig. 1116. Another form of epioyclic train, designed for producing a very slow motion. 
m is a fixed shaft, upon which is loosely fitted a long sleeve, to the lower end of which 
Is fixed a wheel D, and to the upper end a wheel E. Upon this long sleeve there is 
fitted a shorter one which carries at its extremities the wheels A and H. A wheel C 
gears with both D and A, and a train-bearing arm m r n, which revolves freely upon the 
shaft to, p, carries upon n stud at n the united wheels F and G. IF A have 10 teeth, 
C 100, D 10, E 61, F 40, G 41, and H 51, there will he 25,000 revolutions of the train- 
bearing arm m, w, for one of the wheel C. 

Fig. 1117. A method of engaging, disengaging, and reversing the upright shaft at 
the left. The belt is shown on the middle one of the 3 pulleys on the lower shafts a, ft, 
which pulley is loose, and consequently no movement is communicated to the said shafts. 
When the belt is traversed on the left-hand pulley, which is fast on the hollow shaft ft, 
carrying the bevel-gear B, motion is communicated in one direction to the upright shaft; 
and on its being traversed on to the right-hand pulley, motion is transmitted through 
the gear A, fast on the shaft a, which runs inside of ft, and tho direction of the upright 
abaft is reversed. 

Fig. 1118. Spur-gears. 

Fig. HID, The wheel to the right is termed a (i crown*wheel" j that gearing with 
it is a spur-gear. These wheels are not much used, and are only available for light 
work, as the teeth of the crown-wheel must necessarily be thin. 

Fig. 1120, Multiple-gearing—n recent invention. The smaller triangular wheel 
drives the larger one by the movement of its attached friction-rollers in the radial 
grooves. 

Fig, 1121- These are sometimes called brush-wheeH. 
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jried by ©hanging the distance of the upper wheel from the centre of the lower one, 
ti© one drives the other by the friction or adhesion, end this may be increased by 
cin g th© lower one with indiarubber. 

Fig* ;I22. Transmission of rotary motion from one elm ft at right angles to another* 
he spiral thread of the disc-wheel drives the spur-gear, moving it the distance of one 
oth at every revolution* 

Fig* U23* Worm or endless screw and a worm-wheel* This effects the same result 
Fig. 1122: and as it is more easily constructed, it is oflener used. 

Fig* 1124* Friction-wheeki* The surface a of these wheels lire mode rough, so as to 
bite’’ as much as possible; one is some times faced with leather, or, better, with 
i Iconized indiarubber. 

Fig* 1125* Elliptical spur-gears* These are used where a rotary motion of varying 
ieed is required* and the variation of speed £s determined by the relation between the 
tigths of the major and minor axes of the ellipses* 

Fig* 1126* An internally-toothed spur-gear und pinion. With ordinary spur-gears 
i© direction of rotation is opposite; but with the internal!y-toothed gear, the two rotate 
i the name direction: and with the some strength of tooth the gears are capable of 
anamitting greater force, because more teeth are engaged. 

Fig* 1127* Variable rotary motion produced by uniform rotary motion* The small 
mr~pinion works in a slot out in the bar, which turns loosely upon the shaft of the 
Liptical gear. The bearing of the pinion-shaft has applied to it a spring, which keeps 
engaged; the slot in the bar is to allow for the variation of length of radius of the 
liptical gear. 

Fig* 1128, Uniform into variable rotary motion. The bevel-wheel or pinion to the 
ft has teeth cut through the whole width of its face. Its teeth work with a spirally- 
'ranged series of studs on a con ical wheel* 

Fig. 1129* A means of converting rotary motion, by which the speed is made 
triform during a part, and varied during another part, of the revolution. 

Fig. 1130. Sun-and-planet motion* The spur-gear to the right, culled the planet¬ 
ar, if tied to the centra of the other, or sun-gear, by an arm which preserves a constant 
istance between their centres. This was used as a substitute for the crank in a H team 
igine by James Watt, after the use of the crunk had been patented by another party* 
•*h revolution of the planet-gear, which is rigidly attached to the connecting rod, gives 
vo to the Bim-gear, which is keyed to the fly-wheel shaft* 

Figs. 1131,1132. Different kind® of gears for transmitting rotary motion from one 
Afift to another arranged obliquely thereto. 

Fig* 1133* A kind of gearing used to transmit great force and give a continuous 
faring to the teeth* Each wheel is composed of 2, 3, or more distinct spur-geara. The 
sfctb, instead of being in line* aro arranged in steps to give a continuous bearing. This 
fatem is sometimes used for driving screw-propellers, and sometimes, with a rack of 
itrikr character, to drive the beds of largo iron-planing machines. 

Fig. 1134* Frictional grooved gearing—a comparatively recent invention. The 
iagram to the right is an enlarged section, which can be more easily understood. 

Fig. 1135* Alternate circular motion of the horizontal shaft produces a continuous 
>t*ry motion of the vertical shaft, by means of the ratchet-wheels secured to the bevel- 
^ars, the ratchet-teeth of the two wheels being set opposite ways, and the pawls acting 
* opposite direct ions. The bevel-gears and ratchet- whee la are loose on the shaft, and 
he puwl* attached to arms firmly secured on the shaft. 

Fig* 1136* The vertical shaft is made to drive the horizontal one in either direction, 
a may b* desired, by means of the double-clutch and bevel-gears* The gears on the 
^mental shaft are loose, and are driven in opposite direction® by the third gear ; the 
'jublc-cluteh slides upon a key or feather fixed on the horizontal shaft, which i® made 
j rotate either to the right or hft, according to the side on wtoh \V v& 
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Kg. 1137, Mangle or star-whcjel, for producing an alternating rotary motion* 

Fig. 1138. Different velocity given to 2 gears, A and C* on the same shaft, by 
s pmion D. 

Fig, 1133, The small pulley at the top being the driver, the large, internally- 
thed gear and the concentric gear within will be driven in opposite directions by the 
ids, and at the same time will impart motion to the intermediate pinion at the bottom, 
h around its own centre and alio around the common centre of the two concentric 

Fig. 1140. Jumping or intermittent rotary motion, used for meters and revolution - 
raters. The drop and attached pawl* carried by a spring at the loft, are lifted by pins 
the disc at the right. Pins escape first from pawl, which drops Into next space of the 
r*wheel. When piu escapes from drop, spring throws down suddenly the drop, the 
i on which strikes the pawl, which, by its action on star-wheel, rapidly gives it a 
rtion of a revolution* This is repeated as each pin passes* 

Fig* 1141* Another arrangement of jumping motion. Motion is communicated to 
B by worm or endless screw at the bottom, which is fixed upon the driving 
Upon the shaft carrying the worm-gear works another hollow shaft, on which is 
cam A. A abort piece of this hollow shaft is half cut away* A pin fixed in worm- 
shaft turns hollow shaft and cam, the spring which presses on cam holding hollow 
lack against the pin until it arrives it little farther than shown in the figure, when, 
direction of the pressure being changed by the peculiar shape of cum, the latter falls 
w u suddenly, independently of worm-wheel, and remains at rest till the piu over lakes 
when the same action is repeated. 

Fig* 1142* Tho left-hand disc or wheel G is the driving wheel, upon which is fixed 
e tappet A* The other disc or wheel I) has a series of equidistant studs projecting 
its face* Every rotation of tho tappet acting upon one of the studs in the wheel D 
the latter wheel to muvo the distance of one stud* In order that this may not be 
a lever-like stop is arranged on a fixed centre. This slop operates in a notch 
In wheel C, and at the sumo instant tappet A strikes a stud, said notch faces the 
Aa wheel D rotates tho end between studs is thrust out, ami tho other extremity 
Lers the notch; but immediately on tiie tappot leaving stud* the lever is again 
up in front of next stud, and is there held by periphery of G pressing on its 
end. 

Fig* 1143. A modification of Fig. 1141; a weight D, attached to un arm secured 
the shaft of the worm-gear, being used instead of spring and cum. 

Fig. 1144* Another modification of Fig* 1141 : a weight or tumbler E, secured on 
e hollow shaft, being used instead of spring anil cam, and operating in combination 

ilb pin C, in the shaft of worm-gear. 

Fig, 1145* The single tooth A of the driving wheel B acts in the notches of the 
h*el C* and turns the latter the distance of one notch in every revolution of C. No 
op is necessary in this movement, as the driving wheel B serves as a lock by fitting 
to the hollows cut in tho circumference of the wheel C between its notches. 

Fig, 1146. B, a small wheel with one tooth, is the driver, and the circumference 
itering between the teeth of the wheel A, serves as a lock or step while tho tooth of 
e email wheel i» out of operation. 

Fig. 1147, The driving wheel G has a rim, show-n in dotted outline, the exterior of 
xicb serves aa a bearing and atop for tho studs on tho other wheel A, when the 
pet B is out of contact with the studs* An opening in this rim serves to allow 
> stud to pass in and another to pass out. The tappet is opposite tho middle of this 

Fig. IMS* The inner circumference (shown by doited lines) of the rim of the 
ring wheel B serves as a lock against which two of the studs in the wheel C rest 
til the tappot A, striking one of the studs, {ne next onu Wlow 
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i through the lower notch, and another stud enters the rim through the upper 

fc\. 

Pig, 1H9. To the driving wheel D is secured a bent spring B \ another spring 0 
ttached to a fixed support. As the wheel D revolves, the spring B passes under 
strong spring C, which presses it into a tooth of the ratchet-wheel A, which is thus 
le to rotate. The catch-spring B, being released on its escape from the strong 
iug C, allows the wheel A to remain at rest till D has made another revolution. The 
i ng C serves aa a stop. 

Fig. 1150- A uniform intermittent rotary motion ta opposite directions is given to 
bevel-gears A and B by means of the mutilated bevel-gear C, 

Fig, 1151 - Reciprocating rectilinear motion of the rod C transmits an intermittent 
‘tdar motion to the wheel A, by means of the pawl B at the end of the vibrating 
D* 

Fig, 1152 is another contrivance for registering or counting revolutions. A tappet B, 
ported on the fixed pivot C t is struck at every revolution of the large wheel (partly 
resented) by a stud D attached to the said wheel. This causes the end of the tappet 
d the ratchet-wheel A to bo lifted, and to turn the wheel the distance of one tooth* 
a tappet returns by its own weight to its original position after the stud D lias 
the end being jointed to permit it to pass the teeth of the ratchet-wheel. 

Fig, 1153. The vibration of the lever C on the centre or fulcrum A produces a 
iry movement of the wheel B, by means of the two pawls, which act alternately, 
is La almost a continuous movement. 

Hs- 1154. A modification of Fig. 1153. 

Fig. 1155. Reciprocating rectilinear motion of the rod B produces a nearly con* 
nous rotary movement of the ratchet-faced wheel A, by the pawls attached to the 
remities of the vibrating radial arms C C. 

Fig. 1156. Rectilinear motion is imparted to the slotted bar A by the vibration of 
lever C through the agency of the two hooked pawls, which drop alternately into the 

Lh of the slotted rack-bar A. 

Fig. 1157. Alternate rectilinear motion is given to the rack-rod B by the continuous 
i of the mutilated spur-genr A, tho spiral spring 0 forcing the rod beck to its 
l portion on the teeth of the gear A quitting the rack, 

1158, On motion being given to the two treadles D a nearly continuous motion 
through the vibrating arms B and their attached pawls, to the ratchet- 
L A* A chain or strap attached to each treadle passes over the pulley C, and as 
treadle is depressed the other is raised. 

Fig. 1158, A nearly continuous rotary motion is given to the wheel D by two 
'bet-toothed arcs C, one operating on each side of the ratchet-wheel D. These 
i (only one of which is shown) are fast on the same rock-shaft B. and have their 
Lh set opposite ways. The rock-shaft is worked by giving a reciprocating rectilinear 
lion to the rod A. The arcs should have springs applied to them, so that each 
f be capable of rising to allow its teeth to slide over those of the wheel in moving 
way. 

Fig. 1100. The double-rack frame B is suspended from the rod A. Continuous 
try motion is given to the cam D. When the shaft of the cam is midway between 
two racks, the cam acts upon neither of them; but by raising or lowering the rod A 
let the lower or upper rock is brought within range of the coin, and the rack-frame 
red to the left or right. This movement has lieen used in connection with the 
emor of an engine, the rod A being connected with the governor, and the rack-frame 
h the throttle or regulating valve. 

Fig UHL Uniform circular motion into reciprocating rectilinear motion, by means 
outdated pinion, whhdi drives alternately the top ant! bottom rack. 

Fig. 11 C Lrcujsr motion in to aItemate rectilinear motion. Statist* 
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'ey at the left upon the worm-shaft. Worm elides upon shaft, but is made 
it by means of a groove cut in shaft, and a key in hub of worm* Worm is 
, small traversing frame, which slides upon a horizontal bur of the fixed 
the traversing frame also carries the toothed wheel into which the worm 
end of a conn acting rod is attached to fixed frame at the right and the 
a wrist secured in toothed wheel. On turning worm-shaft rotary motion 
■d by worm to wheel, which, as it revolves, is forced by connecting rod to 
jraatiog traverse motion. 

J. Continuous circular into conti inous but much slower rectilinear motion, 
n the upper shaft, acting on the toothed wheel on the screw-shaft, causes 
id left-hand screw-threads to mtf ;e the rmta upon them toward or from each 
mg hi the direction of rotation. 

L Scroll-gears for obtaining a gradually increasing speed. 

5. What is called a " mangle-rack, * A continuous rotation of the pinion 
eciprocuring motion to the square frame. The pinion-shaft must be free to 
, to pass round the guides at the ends of the rack. This motion may ho 
follows ;—If the square frame be fixed, and the pinion be fixed upon a shaft 
i universal joint, the end of tho shaft will describe a line, similar to that 
? drawing, around the rack. 

J, A mode of obtaining two different speeds on the same shaft from one 
oL 

f, A continual rotation of the pinion (obtained through the irregular-shaped 
left) gives a variable vibrating movement to the horizontal arm, and a 
prorating movement to the rtnl A. 

i, Worm or endless screw and worm-wheel, Used when steadiness or great 

turea. 

J, Variable circular motion by crown-wheel and pinion. The crown-wheel 
rentricalJy to the shaft, therefore the relative radius changes. 

!>. Irregular circular motion imparted to wheel A. C is an elliptical spur- 
g found centre B, and is the driver, B is a small pinion with teeth of the 
gearing with C, The centre of this pinion is not fixed, but is curried by an 
d which vibrates on a centre A, so that as C revolves the frame rises and 
le pinion to remain in gear with it, notwithstanding the variation in its 
atoct* To keep the teeth of C and B in gear to a proper depth, and prevent 
riding over each other, wheel G has attached to it n plate which extends 
id is furnished with a groove g k of similar elliptical form, for the reception 
mail roller attached to the vibrating arm concentric with pinion B. 

I. If for the eccentric wheel described in the Ja>t figure on ordinary spur- 
; on an eccentric centre of motion be substituted, a simple link connecting 
f the wheel with that of the pinion with which it gears will maintain proper 
-eeth in a more simple manner than the groove, 

F2. This movement is designed to double the speed by gears of equal 
□d numbers of teeth—a result once generally supposed to bo impossible, 
tars are employed. The gear on the shaft B is in gear with two others— 
haft F, and the other on the same hollow shaft with C, which turns loosely 
gear D is carried by the frame A, which, being fast on the shaft F, is made 
,d therefore takes round D with it. E is loos© on the riuift F, and gears 
ow t suppose the two gears on the hollow shaft 0 wet© removed and B 
-ora turning on its axis, on© revolution given to th© gear on B would cause 
also to receive one revolution, and as this frame carries with it the gear D, 
l E, one revolution would be imparted to E; hut if the gears on the hollow 
a replaced D would receive also a revolution on its axis during the on© 
f B, and thus would produce two revolutions of E. 
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Fig. 1173. Wheel-work in the base of capstan. Thus provided, the capstan can ha 
d os a simple or compound mac!i me, single or triple purchase. The drumhead and 
rrcl rotate independently; the former, being fixed on spindle, turns it round, and 
ieu locked to barret turns it alio, forming single purchase ; but when unlocked wheel* 
irk acts and drumhead and bm rel rotate in opposite directions, with velocities us 
lee to one. 

Fig, 1174, J, W. Hewlett’s adjustable frictional gearing. This is an improvement 
n that shown in Fig, 1131. The upper wheel A shown in section, is composed of a 
ubher disc with V-edge, clamped between tw'o lrn t;d pistes, Ily screwing up the nut 
*, which holds the parts together, the rubber disc Jfl mode to expand radially, and 
sler tractive power may be produced between the two wheels. 

Fig, 1175. Scroll-gear and sliding pinion, to produce an increasing velocity of scroll- 
date A, in one direction, and a decreasing velocity when the motion is reversed. Pinion 
d motes on a feather on the shaft. 

Fig. 1176, Entwiitle’s gearing. Bevel gear A is fixed, B, gearing with A, is fitted 
rotate on stud E, secured to ehaft D, and it also gears w ith bevel-gear C tooao, on Iho 
»Wl [», On rotary motion being given to shaft D, the gear E revolves around A, and 
dsn rotates upon its own axis, and so acts upon C in two ways, namely, by its rotation 
*0 il« own axis and by its revolution around A. With three gears of equal size, the 
makes two revolutions for every one of tho shaft D. This velocity of revolution 
nay however, be varied by changing tho relative sires of the gears. C m represented 
■rilh an attached drum C7 This gearing may he used for sh oring apparatus, driving 
^lew-propellers, Ac. By applying power to C action id ay be reversed, and u slow motion 
f D obtained. 

TURNING,—This operation consists in giving a new form to objects in wood, 
Mil, ivory. Ac., by means of fixed tools held against the object while it is revolved 
rithin reach of the tool, The machine employed for rotating the object is culled a 

Lathes.—These arc now made in a great variety of form and capacity.* In 
(joking back to the early days of the turning lathe, before the introduction of the 
render principle in the sliding rest, it is interesting to observe that even then the lathe 
a perfect instrument so far ns it wfis a copying machine ; those common lathes that 
i>re made with a perfectly round spindle-neck, if any such existed, would yield a round 
■grrre in the article under operation* providing that the cutting instrument was held 
tidily. And even in a still higher degree was correct workmanship attained in tha 
Id'favhioncd dead-centre lathes; if the centre holes in the article to be turned were 
ormed with moderate care, and the article held steadily between the centres, then the 
nriace developed by the cutting instrument when firmly held would be as perfect a 
■ireb as one described by a pair of compasses, With sueh apparatus, however, the 
baaoea of error were numerous, arUing principally from the spindle-necks not being 
ferfectly round * for even in the case of modern lathes, a perfect spindle-neck is more 
Ujv3y obtained than is generally supposed, as a close examination will show, Iho 
*-'Ijgonol form being much more predominant than the true circle. There are lathes* 
v en among those of the most recent make, which have only to be handled gently lo 
hew their condition in this respect. Until recently such approximations to round* 
"»i were suJBcbnt; but the extensive introduction of accurate gauges into work* 
bops has, besides teaching the importance of precis© dimensions, made engineers 
with true circles. Hence there is now a much greater appreciation of positive 
ftiiii of workmanship, and positive truths are always important; and in well-conducied 
'ulshupjf there is a constant striving after that condition and a gradual closing Up of 
**!y avenue whereby error can creep in, 

hurb extreme accuracy is sometimes thought to bo more costly thaw ravtv\\A 
but practical mva , iiira Anderson* have arrived at a contrary 
* f*tf high ci*$ l» lathes wad twU f set UtaL&rs, UoltlApflei & CWs lirV.*ttiiju 
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convinced that while extreme accuracy may be more expensive at the outset, especially 
from the want of workmen oompetent tb carry it out, yet with a little pers e ver a nce tie 
advantage arising from it will be clearly perceived, and the apparently inordinate cat 
will shortly be brought below that of less perfect arrangements. Many articles after 
being carefully turned and planed have to undergo a long oourse of filing and smpbg 
before they are brought to the required quality of surface; whereas, if a small fiietse 
of this outlay were spent in making the copy in the lathe spindle or the oopy in the 
plane perfect as' patterns, the great expense of subsequent fitting would be avoided. 
Many examples bearing on this point could be given. The lathe is a copying »**<*«—, 
and just as its bearing surfaces are so is the work produced. 

The apparatus generally employed by wood and ivory turners is termed a foot-kit* 
on account of its being driven by the foot in the same manner as the common grindnf 
wheel; some are constructed partly in metal and partly in wood, but those made entirety 
of metal are far superior to these, and are of the following construction. A, Fig. 1177, 



is the bed of the lathe, upon which 2 supports, called poppet-heads, rest; the surfaces of 
contact vary in form, in some beds both are flat, in others both angular, and in othen 
one angular and the other flat. By many the angular or V beds are preferred, from tbs 
idea that the heads are more likely to retain their proper position than when resting ut 
plane surfaces; but the latter, when accurately planed and fitted, are quite as worthy 
of reliance, and far more convenient than the angular-bedded lathes. B represents the 
head to which the chucks are attached, and by means of which the power requisite fat 
rotating the work is applied. This poppet-head consists of a strong frame of cast in* 
FBE; in the standard E is fixed a hard conical bearing, in which one end of the 
mandrel D revolves, and by which it is supported, the other end resting against the hard 
conical point of a screw xAaced Yu a uY.Y \ Vj uaswaa of this screw the mandrel * 
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kept tight tip to its bearings any tendency of tbo screw to shift being prevented by ono 
or two nuts upon it, which are screwed op tight against the standard F, 

At the bottom of the head is a solid projection, which is made to fit the opening 
between the sides of the lath e-bed, and by which the parallelism of the lathe-bed and 
mandrel is maintained- The head is firmly fixed in its position by a bolt, which draws 
a *tri£ of metal up tight against the bottom of the lathe-bed. A number of groove 
pulleys G are attached to the mandrel, one of which is connected with the pulleys S on 
the driving shaft R by means of a cord of catgut or guttapercha, although in a ca*e of 
necessity a sash-lino may be made to answer the purpose. The catgut is, however, the 
moat satisfactory, on account of its great durability. The plan usually adopted for join¬ 
ing the ends is to screw on honks and eyes; the end of the gut is slightly tapered and 
damped, so that the hooka and eyes may squeeze the gut into a screw rather than cut¬ 
ting it, by which latter the band would be much weakened. 

It must not be used until the gut is dry and hard. Guttapercha bands are united 
by heat, the ends being cut off obliquely, thus, Hk an ^ S^ly heated by 

means of a hot piece of smooth clean iron, until soft, when they are firmly pressed 
together, and kept in that position until cold. This, of course, necessitates the stoppage 
of the lathe for soma time, besides shortening tire hand every time it is united, 

When the work is too long to be supported entirely by one end, a second poppet- 
head is required, which is of the form shown at C; this bead is accurately fitted to the 
Uthe-bcd, and can slide upon it to allow of adjustment to the length of the work; it is 
fitted with a damping screw H to fix it when in position, also a conical point I, called a 
centre, which is movable through a email space by the handle J, to allow the removal of 
tbs work from the latho without shifting the poppet-head. The mandrel carrying the 
centre is fixed after adjustment by the cups tan-headed screw K. 

The next part of the apparatus to which attention is called is the rest, upon which 
the operator supports the turning tool. There are 2 kinds, the common retd and the 
elide-rest; the former is that represented in the figure. M L is a short hollow column, 
provided with a foot sufficiently long to reach across the lathe-bed ; in the bottom of the 
foot is planed a dovetailed groove N, which retains the head of a clamping screw 0, hut 
at the kusu time allows of a sliding motion when not dumped* From this it is evident 
tliat the rest can he placed and fixed in any position. 

Within the hollow column is a cylindrical rod, which curries a straight strip of 
metal, the whole being raised or lowered by sliding the rod vertically in the column; 
when the projier elevation has been attained, the rest is fixed by a screw working in a 
thread cut in the thickness of the column. 

The lathe-bed is supported on standards or frames P P, which abo serve to carry the 
crank-shaft R by means of 2 conical-pointed screws Q Q, which enter countersunk 
recesses in the ends of the shaft The shaft is made with one or two crunks, or throws, 
according to its length* This shaft is also fitted with grooved driving pulleys S, made 
of various diameters, in order to obtain any speed which may be required. The pressure 
Imported to the treadle T is communicated to the crunk by a link with a hook at each 
end, or by a chain ; some turners preferring the furrnqr, aud others the latter. 

The next consideration is the means by which the work is held in the lathe and 
caused to rotate with the mandrel* 

Fig* 1178 represents the fork, prong, or strut-chuck, so called from the steel fork or 
prong a, which is fitted into the square socket of the chuck ; this chuck is used for long 
piece 1 *, the point supporting one end of the work, the other being supported by the back 
centre* The chisel edges on each side of the point take hold of the work and ensure 
its rotation. The fork being fitted into u square recess in the chuck may be replaced by 
Mis, Ac., or small pieces of wood or ivory to be turned* It is usually made of metal, 
mud attached to I he mandrel by an internal scre w corresponding in 
the mandrel* 
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Fig. 1179 illustrates the hollow or cup-chuck; it is used for holding short pisfpgof 
pieces that are to be turned out hollow. Its inside is turned slightly conical so that the 
work may be driven tightly into it. This chuck is usually made of boxwood, sometmM 
strengthened by a metal ring round the mouth of it; but this is scarcely necessary, si a 
very alight blow is sufficient to fix the work if it has previously been reduced to a fas 
nearly approaching the circular by the chisel, paring knife, or other hand tools. 

Fig. 1180 shows the face-plate or facing chuck; it may be made of iron or otto 
suitable material. This chuck is turned fiat and perfectly true, and is fitted si to 



centre with a conical screw to hold objects to be turned on the face. It can only be wri 
when the bole made in the work is not objectionable, or can be plugged up Th» 
screw should only be very slightly taper, otherwise the work will not bold wta* 
reversed. New forms are being often introduced. 

Fig. 1181 is a chuck for flat work, where a hole in the centre would be detrimental 
It is a face-plate with 3 or more small spikes projecting from its surface to penetrate the 
material to be wrought, which is held against it by the back centre. A plane face-plnfe 
is used where the work cannot bo conveniently fixed to either of the 2 foregoing, as in 
the case of thin pieces of horn, tortoiseshell, and so on. The work is attached by means 
of glue, or of jewellers’ or turners* cement. 

Fig. 1182 represents the arbor-chuck, usually made of brass. It is used for holtiia? 
small hollow works or rings. 

For very small work, Fig. 1178 is useful for holding the arbors in the place of a strata. 

Fig. 1183 shows a spring-chuck which is used for holding very slight work that 


1181. 



requires to bo hollowed out. It is turned conical externally, the apex of the cone being 
to the left. A few holes a are drilled through the chuck near its base and at eqonl 
distances from each other. From these holes saw kerfs or slits are cut longitudinally k» 
the front of the chuck, which allow the chuck to expand slightly to take a firm bold of 
the work, and when the work has he&u tateeA. Veto the chuck, the grip is rendered 
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fnftre ilrro by drawing a strong ring towards the front of the chuck. These chucks are 
uptimes made of wood, but those of metal are much neater and more convenient; 
iney may be made of a piece of brass tube firmly driven on a wooden block. 

A similar chuck u used for holding hollow work, but instead of being provided with 
an external ring, it is fitted with'a abort solid plug, which is forced forwards after the 
chuck hut been inserted into the work. When long and slender piece* have to be 
turned* an extra pop;iet or a support ii required to keep the work from shaking, or 
chattering,. &§ it la termed. It is generally made of wood, and ia formed similar to 
"Fig- 1184. It consists of a bead, in which is bored a bole c of the proper diameter, and a 
^ail-piece fitted to the lathe-bed and sufficiently long to receive an aperture 6, through 
Sshich a wedge may be passed to hold it down firmly upon the lathe-bed. 

Another and more convenient form of support ia shown at Fig, 1185: a is a cast-iron 
frame, having a foot fitted to the lathe-bed and furnished with a bolt and nut by which 
it is firmly bolted down to the lathe-lied; b \s a block of wood fitted into the frame, 
where it is secured by the cross-bar S* An aperture of the required diameter ia now 
bored in the block; it is then tukeu out of the frame and sawed in half, so as to form a 
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top and bottom ben ring ; d shows a section of the frame ; any other form of grooro may 
be used, but the V bus been selected on account of the ease with which the blocks 
rimy be fitted to them. One grant advantage of the tatter apparatus is, that the 2 
• «enringi may be brought together when the hole lb worn. When a slide-rest is used, 
tJiiH additional support should be attached to it ; it will then keep close to that part of 
the work on which the tool is acting, by which a more satisfactory piece of work is turned 
oat, and the trouble of shifting the poppet avoided. The application of a little gruaso 
to thi^ic barings will sometimes be found beneficial-* 

An apparatus called a boring collar, somewhat similar to that jud described, is used 
for supporting the ends of pieces of which the ends are to be bored, and which are too 
to be held by the eup-ebuck alone. It consists of a plate similar to a faeoebuek, 
■Fig 1186, through which a number of conical holes are bored, whose centres are equi¬ 
distant from the centre of the plate, go that when the latter is turned on its axis any 
hole ctin bo brought exactly in a line with the 2 centres- The plate may be attached to 
n standard similar to either of the foregoing, 

It may ennKrtamee occur that the work to he turned, os a wheel, the foot of a stand, 
t*nd fn on, may be rather too large for the lathe; in this case it is convenient to tiava 
Ironies truly planed and filled. Such a frame is shown at Y\g. Y\ftl - 
* McllmtalrM 1892 
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iron, the top being fitted to the bottom of the poppet, and the bottom being fitted w tie 
lathe-bed* care being taken that the mandrel is retained parallel to the lathe-bed. Tbe 
rest may be blwked up in a similar manner, or a temporary rest may be made of a 
of bar iron bent to a suitable form. 

In some cases it will bo convenient to have a self-acting iliderest, ms for ttuniui 
large screws, spirals, and so on. The slide-rest Is shown in Fig, 1188 (elevation) W 
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Fig. 1189 (plan), n is a slide which fits the latho-bed very accurately, but will yet slide 
freely upon It, and in a direction exactly parallel to the axis of the object to be tunwsL 
b is another slide fitted to the lower one and sliding upon it'in a direction at right uglis 
to the lathe-bed. It is worked by a screw attached to the lower slide, which geara into 
a not fixed to the bottom of the slide b . Upon Ihe slide b is fitted a small slide c, v\m 
which the turning tool is fixed by means of a clomp. This slid© is moved in a directs® 
parallel to the lathe-bed by means of a screw attached to the slide 6, gearing in a rinhkr 
manner to that in the slide a. The whole slide may be moved along the bed either fet 
hand or by means of a screw running along the aid© of the bed and gearing into a not 
made in 2 halves, so that it may be thrown Into or out of gear by closing or opening tie 
nut. The use of this screw, which is called the leading screw, requires a different lew 
of fixed poppet-head, and constitutes what is called a screw-cutting lath©, on acoonut rf 
its suitability to that process. 

The poppet-head generally fitted to self-acting luihes is represented in Figs 1190 to 
1192. a is a side elevation, b a plan, and c a front elevation. This head is fitted with speed ' 
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pulleys /, which may be made fast to the mandrel, so as to drive it direct or looted, 
and geared by a tooth-wheel with the shaft w hich again gears into the mandrel, ibicb 
is supported in bearings ut each end, The wheels on the shaft g are thrown out of 
with those on the mandrel by sliding the shaft endwise in its bearings. It b ivUto'd 
in or out of gear by a pin parsing into the bearing, which rests against a groove toroid 
on the shaft g* On the end t of Uve mandrel a toothed wheel is slid and ntdiicl Ib't* 1 
by a nut This wheel may act 4irccV\^ n\*jn wvtftaut ^ SSm* the hwdiag 
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re w, or may be connected with it by means of one or two Intermediate wheels, according 
tho speed required and the direction of the intended screw. 

It is evident from this arrangement that any ratio between the speeds of the mandrel 
mi leading screw may be obtained either for cylindrical turning or screw cutting. 

Fig. 1193 La a very complete double-gear fooblathe, with planed bed, standards, anti¬ 
ng 


riciion treadle, with chain, crank, and driving wheel, hand-rest, faceplate, drill -chuck, 
tiid 2 centre*. 

Fig. 1194 is a single^genr foot-lathe, with planed bed, standards, anti-friction treadle, 
with chain, crank, and driving wheel, hand-rest, face-plate, drill-chuck, and 2 centres. 

Fig. 1195 is a compound slide-rest; another arrangement of compound slide-rest is 

dticiwn in Fig. 119th 

With reference to lathe manipulation, which is perhaps the most difficult of nil 
diop operations to learn, the following hints are given by Richards in his excellent 
| on 1 Workshop Manipulation. 1 * 

At the beginning, the form of tools should be carefully studied: this is one of tho 
points in lathe work; the greatest distinction between a thorough and an in* 
t lathemaii is that one knows the proper form and temper of tools and the other 
not. The adjustment and presenting of tools Is soon learned by experience* but 
proper form of tools is a matter of greater difficulty. Ono of the first things to 
»t«dy m the shape of cutting edges, both as to clearance below the edge of the tool, and 
angle of the edge, with reference to both turning and boring, because the latter is 
‘different from turning, The angle of lathe tools is clearly suggested by diagrams, and 
l ^ro Lb do better first lesson in drawing than to construct diagrams of cutting angles 
!, >r plane and cylindrical surfaces. 

A set of lathe tools should consist of all that are required for every variety of work 
Performed, so that no time will be lost by waiting to prepare tools after they are wanted, 
ordinary engine lathe, operating on common work not exceeding 20 in. of diameter, 

Mil require 25-35 tools, which will serve for every purpose if they are 

place, A workman may get along with 10 tool* or even left*, bat nd Vs \u& 

' * Sre .i ho Vclames IV ' and V . of fioJtnp&ri standard work on UtrWicA 

vnajpoUtutu .' 
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aatiafuciian, nor in a speedy way. Each tool should be properly tempers! ami grnflwi 
ready f- ft use when put away; if u U*d is broken, It should at once bt* irpirml. *** 
mutter when It U likely to be again used, A workman who hoe pride in hi* took wtff 

always be supplied with us many a* l* 
quinw, because it takes do onto jut t*Ui« tojnw 
that 50 lb* of extra mat steel tools* owl* 
v<®i merit* is but a small matter compand to It* 
gain in manipulation by having the® it W*i 
Tu an experienced mechanic, s single gl*w» 
til the tnnla oo a lathe is a sufficient clue to ti* 
skill of the operator If the tools tu* £F>ual 
ready to use, of the proper slmpe, and \>b*I 
in order so us to be reached without d«bf, tto 
luthemau may at once be set down a* tuffif : 




U3S, 



2 c:f the main qualifications of a first-class workman* which arc order, wild a knowWp 
of tools; while on the contrary, a la the-board piled full of old waste, otamp-bolt** 
broken tools, shows a want of that system and order, without which no amount d 
hand skill can make an efficient workman.* 

It id (iIso necessary to leant as soon as possible the teclmicaliUea pertaining to W&* 
work, and still more important, to Vsm ttus wobi of performing »*!>?• 

* MtWS Churchill It Co*. «■**»«** ufc'tWfe* 
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rations. Although lfltlie work includes a largo range of operations which arc 
ltinufttly TSried, yet there are certain plans of performing each that bus by long 
stum become conventional; to gain an acquaintance with these an apprentice should 
itch the practice nf the best workmen, and follow their plans as near as lie etui, not 
tking any innovation or change until it has beta very carefully considered. Any 
impt to introduce new methods, modes of chucking work, sotting and grinding tools, 
other of the ordinary operations in turning, may not only lead to awk ward mistaken, 
it will at once put a stop to useful information that might otherwise be gained from 
berm The technical terms employed in describing lathe work are non learned, 

- Derail? sooner than they are needed, and are often misapplied, which is worse than 
be ignorant of therm* 

In cutting screws it is best not to refer to that mistaken convenience called a wheel 
.t, usually Stamped on some part of engine lathes to aid in selecting wheels- A screw 
be cat is to the lead screw on a lathe us the wheel on the screw is to the wheel on 
spindle, and every workman should be familiar with so simple a matter as com¬ 
ing wheels for screw cutting, when there is but one train of wheels. Wheels for 
-ivw cutting may be computed not only quite as soon us read from an index, but the 
1 vantage of being familiar with wheel changes is very important in other cast a, and 
"*_-qneatly such combinationa have to he made when there is not an index at hand. 

Tbe following are suggested as subjects which may be studied in connection with 
tins and turning: the rate of cutting movement on iron, steel, and brass; the relative 
>fctd of tlic belt cones, whether the changes are by a true ascending scale from the 
owest - the rate of feed at different changes estimated like the threads of a screw at 
many cats perim; the proportions of oone or step pulleys to ensure a uniform Licit 
^rision; the theory of the following rest as employed in turning flexible pieces; the 
ifference between having 3 or 4 bearing poinla for centre or folio wing rests ; the best 
of testing the truth of a lathe. All these matters and many more are subjects 
ot only of interest but of use in learning lathe muni point ion, and their study will lend 
a logical method of dealing with problems which will continually arise. 

The use of hand tools should bo learned by employing them on every possible 
ion. A great many of the modem improvements in engine lathes are only to evade 
nd-toed work, and in many casta effect no saving except in skill. A luthemun who is 
kilfal with band tools will, on many kinds of light work, perform more and do it better 
a hand lathe than an engine lathe; there is always more or less that can be per* 
•>imed to advantage with hand tools even on the most elaborate engine lathes. It is 
uncommon thing for a skilled la them an to hick the slide-rest, and resort to hand 
**©li on many kinds of work when be is in a hurry, (Richards.) 

Toola. ^Common hi the tools may lie few or many, according to the requirements 
f tbi ir owner, and tools for wood working or for metal working may predominate, 
deciding t*> taste, A workman is always adding lo his stock of tools, until by-and-by 
almost insensibly finds himself in possession of a very varied assortment, each 
^mber of which ha^ a special use and a special history. From among a set of lathe 
we will Select and describe those which are either absolutely essential or of very 
l^neral adaptability; all tbe rest beside arc merely modifications of these few and 
fc, tnple type*. Exct lienee in the production of plain turned work, whether of wood or 
Malj does not necessarily follow from the possession of a large number of tools, but 
Upends entirely upon skill in their manipulation. In tho ha mis of a professional wood- 
iinu r a niapte gouge is a marvellous tool, producing hollows, ogres, and mouldings of 
r anoaa shapes with swift dexterity, aided only by the chisel where sharp comers are 
Vjfjccmed. Those who handle the gouge with confidence and skill can turn out their 
*urk quicker, cleaner, and better than those who, dreading a disastrous “ kick ** ur 
catch,*' serapo awny cautiously with round nose and chisel and diamond 

plenty of practice with Che gouge is essential to thfc eft w^rtrAs«&* 

• jlfjwm CftxrJe* Churchill it Co,, Limited, supply luibes tot al\ puepowa, se* 
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command of that tool, and he who has acquired this mastery is, to a Vety great extet, 
independent of the rest. 

For Metals.—The turning of metal is effected by a slow motion, oompantiirej 
speaking, with respect to the turning of wood; yet wood-turning tools require a la 
obtuse angle to form the cutting edge than the tools employed to turn iron, bras, or 1 
steel. The planes forming the cutting edge of metal-turning tools make a solid angi 
which generally exceeds 60°. Figs. 1197 to 1213 are a set oi turning tools for metil. 
Figs. 1212, 1213 being especially for screw cutting. Melhuish's 1892 catalogue ill* 
trates a variety. 


1197. 1198. 1199. 1200. 1201. 1202. 1203. 1204. 1205. ISOi 



A writer in the English Mechanic says that metal-turning tools are made from “tool 
steel/’ different kinds of which are in the market, and may be purchased in square bis 
of various sizes. Few tools, except scrapers, can be used indiscriminately for cast iroi 
wrought iron, and brass; each metal needs its particular set of tools, differing, not » 
much in the shape of their cutting edges, as in the angles which they make with tb 
surface of the work to be turned. Thus, Figs. 1214, 1215, 1216, are each intended b 
represent in profile the ordinary roughing-down tool; but their angles are very differ^ 
the one from the other, Fig. 1214 being only suitable for wrought iron, Fig. 1215 for ca^ 
iron, and Fig. 1216 for brass. In all these, everything (temper of oourse excepted) depend 
upon the angle at which the tools are ground. The brass tool with the flat face wou^ 
not cut the iron, but would simply abrade it; while the iron tools would hitch in the bn* 
and manifest a tendency to chatter or to “ draw in.” Neither would the tool ground at w 
acute angle for wrought iron cut cast metal, but would itself become broken off at tk 
tip, while the thicker cast-iron tool would not take clean shavings off wrought iwu 
hut would possess more of a scrapxn^ action. Men accustomed to metal turning know 
exactly how to grind their tools, so that tWj wok wsroge wrought inn* 
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on, or brass; but to assist others iu the matter, the cutting edges of Tartans tools 
awn to n Urge scale. 

iMog the iron-turning tools first. Fig. 1217 is ft common roughing tool for cast iron, 
ide view givts the proper angle to ensure a clean cat, without breaking the top 
i in the direction of the dotted line. The angle is drawn on the supposition Hint 



ui*. 


im 
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tool U held horizontally, as indeed it ought !o lie. Hut n tool that will not cut 
ly in a horizontal direction will often work by inclining it at a alight angle; hence, 
care is often taken in the grinding of hand tools than in those used with the slide-rest. 
Lber is the angle at which a tool should be ground, in order to out well horizon tally, 
•sadly quite constant, It should be about G5 a with the vertical for cast iron, but 
■ van* slightly eitheT way. In fact, not one workman in ten could soy what angle bo 
ids his tools to: he simply judges the proper outfit? by the experienced eye which 
nm betrays him. The angle which tho front of the tool makes with the work may 
r somewhat more than the upper face, depending on the diameter of the work to bo 
red, but should not slope more than 4° or 5° from the vertical for cast iron (Fig, 1215), 
t becomes excessive, the tool is weak, and soon abrades «r breaks off. Attention to 
ie matters, apparently so trivial, is really of the utmost importance. The angles 
m on sketches are taken from tools in oelual use, doing their work well, 

<2U* *213. 
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Fig. 1218 shows a round nose: Fig. 1219 a parting tool; Fig. 1220 a knife tool for 
ihing edges and faces of flanges, and curls and aides of work, which latter will of 
be required right- and left-handed (Fig. 1221), just as we require right- and left- 
led side tools in wood turning. The end views of these tool* show the upper and 
ranee angles, which arc about the same as in Fig. 1215, hut may vary somewhat 
9 without detriment to the work. 

iai». mo. 

: =#=3 
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■V. 1222 are boring tools for hollow cylinders—tools capable of much modification, 
f cutting edges not only taking the forms of all the other tools, but each form also 
g often required right- and left-handed* In reference to the more usual shape— 
of the round nose for boring, when used simply as a roughing tool, the shape B 
ring it iu plan, with the axiH of the cutting angle in the direction of the doited line 
referable to A, because iu the former the true cutting e&ge taeroA* 
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Hence, in workshops, the cutting tools generally take the form B, and the aenpoi 
that of A. But these boring tools are not for hand use, the rigidity of the sli&Mot 
being necessary to ensure accurate work with them. Otherwise the tools mxkr 
description are suitable alike for manipulation by hand or slide-rest, the d Jweu* j 

1322. J 

^ J2 (/-^ 3 

between the 2 forms lying, not in the cutting edges, but in the relative stoutness. 6hh> 
rest tools are made of stouter metal than the others; in the case of a small htH 
from | in. or f in. square steel, while hand tools for the same can be made bm 
J-in. steel. 

Fig. 1223 is a square nose for taking finishing cuts, and Fig. 1224 a tool for scraping. 
Fig. 1225 is a spring tool, also used for finishing a turned surface. Figs. 1226 and 1227 
are for finishing hollows and rounded parts of work, and are either kept in diffiscrf 




1223. 1224. 1225. 



sweeps or ground to radii as wanted. These latter forms, being required only to «n«A 
and polish, are flat on their upper surfaces, and act simply as scrapers. Graving took 
are merely square pieces of steel ground slightly obliquely at the cutting end, and 
in hand turning and for any metal. 

Almost any tool flat on its upper surfuco will turn brass, and the clearance angle may 
vary from 20° to 30°. Fig. 1228 will cut rapidly, and will keep its edge for an immen* 
time, and, of course, can be used bent round like Fig. 1222 for boring purposes. Yetths 
same tool used on iron would not cut, but would become hot immediately. Figs. 1226 
and 1227 make excellent brass tools. 


1226. 

-- J 



In turning cast iron and brass no water is used, but with wrought iron it becomes 
necessary to cool the cutter by allowing a constant supply of water to drip upon tb« 
tool. A water-can, with a tap regulated as required, is supported on the slide-rest, ami 
travels along with it. In hand turning it mus>t be moved where wanted. 

The tools here mentioned have been typical forms; but, bearing the broad distinctions 
between the various ungles in mind, it is easy to make or to alter tools just as wantcl 
In making tools for the slide-rest, a piece of steel is cut off longer than is necessary for 
immediate use, and the amount of metal in it allows for the wear of a lifetime. Often 
also, both ends of the steel are forged into cutting edges (Fig. 1229), and hence the 
workman can usually find a tool at any time, either suitable for the work in hand, or 
which may be rendered suitable by a \i\X\e aXtexatXavu 
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riodatorif! may b© made in this fashion, fFig, 1230.) A piece of broken grind- 
i m, thick. Is rudely clipped round to 7 in, diameter, and n £-iu, hole l^rod 
a the centre with u common atone hit; 2 wooden washers n, £ in. thick by 4 in. 
er, a bo have J-in, holes bored in their centres, A {-In. bolt b thrust through the 
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keeps them together firmly with the (done in the centre. Intended to chuck 
;n centres, a small drilled hole is run both into the bolt head and into the acre wed 
id a V -el i aped slit c is tiled in the head to take the fork. Turned np in plan e, 
n efficient little grindstone, in readiness for use the moment it is slipped into 
the. Its only drawback is that it makes tho bed in a mesa—a most serious 
on in the ona© of n bright iron tied ; in that case, rig up un in termed bite spindle 
from a whet l in the crank axle, uml from Unit turn the grindstone tome where 
l the end of the bed. 

inding alone is required with mughing-dowtj !o<ls; but, in those used for 
ling and polishing, the edge should bo finished with an oilstone or gouge id ip, 
i wood- turning tools, 

milling tool is necessary for screw heads: you can msike on© with little trouble. 
Fig, 1231): In a piece of wrought iron, 6 in. by f in, bv £ In** file u slot j iiu 
y i jiu wide. At £ in. from the same end drill 2 {4n. holes* Then 
short broken pi ©e from the end of a flat file, and, after lowering the 
r in the fire, grind it roughly to | in. in dmnmtor; afterwards drilling 
1 , hole tlirough the centre of this, chuck and finish the outside true 
Ightly hollow. An {-in. screw bolt, pushed through the holes in the 
id in the wheel, retains the latter in pliuo. Then procure what U 
a *' hob/ 1 or roaster tap, used for cutting steel dies, and running that 
between centres, cut the edge of the milling wheel by pressing the 
the revolving top with considerable force. Hardening the 
i the tool, 

litre punches can be made from pieces of broken rut-tail files or from 
steel rail Common drills can In? forged as wanted, or purchased. 

-fiat, £ round, 3-eornercd, and round—will bo bought as necessity 
They will all have short handles, 4-5 in. long. Spanners are needed 
i nuts of the head-stock cap and for the hack centre, ns also fur the 
i of the crank, so for one and all, as for jobs of work beside, a screw 
i having a range of about 2 in, is ma-t convenient Callipers inside 
to.de, in 2 sizes, should be purchased, or & combination of the 2 Arms 
can lie bud at the tool shops.* 

e Just article needed is the scribing block for marking heights and 
i. A simple form can he made thus (Fig. 1232): Gotti hut»e of melul, a — my 3 in. 
i. by £ in> Frocur© iilao a hit of iron or steel rudh, 7 in. by $ in. by £ in., uud haio 
i about 11 in, diium tor welded on on© ©ml to form a base and moulding, and a 
crew beyond, e; turn aud screw this into the base, keeping it as upright ns 
i . Temporarily unscrew end file a slot* as shown, opening it first by drilling a 
of hides with a {«iu, drill* then replace. A bit of {4n. stool bar, drown out »t the 
j about S in, long, will form the scribe J, A {-iu. ak>t WA& m iW max* 

fewra Bottzrpffel £ r Co. naske a large variety of tools aui cvitUst-Ww lox tW 
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Teem*® the set screw, which is shown in sectional pian in Fig, 1233. <i* 

5, scribe cot through the slot; c, sliding screw ; d, tightening nut, which cm he irmtii 
as shown or a wmg nut. 

The following notes treat of some of the processes of cutting metals *dopUa by 
W. F. Smith, Salford* and described by him in a paper read before the Institute «f 
Mechanical Engineers, In a former 
paper* the author described mainly 
what have since become known ns 
right- and left-hand round tool- 
holders, They nr© used in different 
machine tools principally for u rough¬ 
ing out/* or, in other words, for 
rapidly reducing eastings, forgings* 
ite,* fmm their rough state nearly to 
their finished forms and dimensions. 

The tool-holders are so called from 
their cutters being mad© of round 
steel cut from the bar. Notwith¬ 
standing that they are very widely 
applicable,, take heavy cuts, and do 
the hulk of ell machine work in lathes* end in planing, shaping, and alotttog 
machines* it was soon found that they could not compass the whole of the wwi 
required in the shnpa ; and it was, therefore, necessary still lo allow the us« of «&» d 
the common forged tools in conjunction with the round tool-holders, Thh, hawutr, 
was objection able* as no positive rule could then be laid down to define wind nmntwr f 
forged tools should be allowed to each workman; and it became apparent that tbs tod* 
holder system* in order to reach the highest degree of efficiency, must be made cuddd* 
and independent in itself. This led to the designing of another tool-holder of the a.* 
general kind the writer could possibly devise, in the hope thereby to complete lb* 
system* 

With this object in view, all the remaining forged tools then in use were collet 
together* and th© swivel tool-holder (Figs. 1231, 1235) was schemed, with cutter* m 
adjustable that they could not 
only bo swivelled round and 
then fixed fo any desired angle* 
but could he made to project 
at pleasure to any required 
distance in order to reach and 
cut into fill sorts of difficult and 
awkward corners: in fact, tn 
machine any work which the 
round tool-holder could not 
finish. Two of the principal 
objects aimed at were to devise 
u system of cutters which should 
not require iny forging or smith¬ 
ing. and yet should be capable of being adapted by the simplest possible means, and If 
grinding the ends only* hi all forms which the round cutters would not admit Tto 
special section of steel decided upon was a sort of deep V section, the lower part nf wlikb 
U slightly rounded, as shown in Fig, 1235, The angles of the sides give the same 
of clearance (1 in S) ns that given in the round tool-holders, and this same ingfr ^ 
clearance is given to the ground parts. The section of the swivel ©utter is very dl^p, i- 1 
order to obtain ample strength \u the dvrectlcsu of the pressure it has to support *1>° 
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_ The angle in Fig, 1234 is common to every swivel tool-holder. In the cutter 
for the round tool-holder two angles had been Hied upon as standards, one to out all 
lainda of wrought mobile, tho other all oust metals. To avoid complication, however, in 
swivel tool-holders one cutting angle was Hied upon for all metals, and applied to 
nil cutters. The angle selected is one slightly differing from that of the round cutters, 
fcmt is that which worked the beat in practice. The cotters of the round tool-holder 
are found moat advantageous in producing and finishing standard-size round 
asomera in journals of shafts, Ac., and in other cases, where the engineer of the present 
day is anxious to preserve all the strength he can in the parts ho is constructing; but 
fc litre are still cases where square, angular, or undercut surfaces must be produced, as 
by Figs. 123G to 1241, These are front views showing the biol-holdeni ttt work 
or shaping. They arc supposed to be iravelling forward, or the work to bo 
in the opposite direction : and the arrows in each figure indicate the direction in 
the tool-holder is being fed at each stroke of the machine, to take the next cut. 
Fig- 1237 shows the mode of planing the under horizontal surface of a lathe-bed, 
The cutter shown in use is ground to an angle of 86°, or 4° less than a right angle, and 
tbna has a clearance of 2° at each side when cutting either horizontally or vertically 



1 m 


133 *. 





cutter m very general in its applicability, and is devised ao as to finish with one 
Siting, both the vertical surface A, and the horizontal surface H, without the necessity 
fW disturbing the cutter in any way. The ordinary system is to use, at least, 2 tools 
for roughing out, and 2 for finishing, on 2 surfaces right angles with each other. 

Fig. I23*> shows the method of planing in a very limited space the under horizontal 
Surface S; the corresponding surface is planed afterwards, without disturbing the tool- 
voider, by simply swivelling the cutter half-way round in the holder and securing i( 
flitre by the out N, 

Fig, 1240 shows a swivel tool-holder clearing without difficulty a boss which projects, 
* ud would be very much in the way of an ordinary tool. The cutter in this case planes 



Fig. 1238 shows the method of cutting a vertical slot in a horizontal aurioa* uItoM* 
■ cutter in this case is caJJed a putting tool, 

1 m 
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Fig. 1242 is a side elevation of this same cutter, showing the cutting angle. 

Figs. 1289 and 1241 are tool-holders with cutters of rather special forms. The lint 
is shown planing out or undercutting a T-shaped slot, and the latter is planing oiU 
small rectangular clearance corner. 

Figs. 1243 and 1244 show a swivel tool-holder with a round shank, such ss is uad<a 
the slide-rest of a screw cutting lathe, for outting square threads. It is carried <a» 
wrought-iron or steel block, provided with a groove, semicircular in section, in stack 

1243. 1243. 1*4 


the round shank of the tool-holli-ra lies, and ■ 
clamped down in the usual way. The cutten w 
cutting out the spaces between the square thresh 
ore of a very simple form, and by aid of this id- 
holder any tool of the correct width of the spaa wifl 
cut either right-hand or left-hand screws, no natter 
whether they are single threads, double threads, tf 
any other. To cover the same ground with kepi 
tools, no less than 6 expensive cutters would be required, each forged from sqm* 
steel, and carefully filed up and hardened. With the tool-holder only one cutter» 
required, and it costs, probably, not more than 10 per cent, of one of the 6 forged took 
while it maintains its size much better, and, consequently, lasts much longer. It ik 
takes about twice the weight of cuttings per hour as compared with an ordinary fapd 
tool. This system is useful where many screws of odd forms and pitches are required; 
but where there are sufficient numbers to be cut, special chasing lathes are fir pre¬ 
ferable to ordinary screw-cutting lathes, as they will do about 6 times as much charig 
of V threads, or cutting of square threads, as can be accomplished in the ordinary lath 
in the same time. Instead of carrying one chaser, the chasing lathes carry, a i 
chasing apparatus, 3 or 4 chasers: and these have their threads, whether square,V. 
rounded, or any other form, cut in their places by aid of a master tap. They are ti® 
tapered at the mouths, backed off, and hardened ready for work. The number d 
shavings cut simultaneously from a screw by this process varies from 12 to 24, acrordis? 
to the size, strength, and pitch of the thread. Screws up to 6 in. diameter can bewre 
rapidly cut by this system, on which very muoh more might be said if space permitted. 
A few screws cut by this process aro exhibited. 

When the 2 systems—the round and the swivel tool-holder—ore worked in 
junction with each other, their universality of application is so thorough that akwtt 
every difficulty is met; and it was only in the case of paring and shaping artidre 
in the slotting machine that 2 modifications had to be ma le in the holders, the mat 
cutters being still applicable. 

The capstan lx-d chasing lathes ma le by the writer's firm have now become mod 
used; and as a large amount of their work is done upon block bars of iron, steel 
other metals, each of which has to be finished at its extremities and oat or parted <4 
it was found advisable to rtvaVe owe special tool-holder. Fig. 1257, to carry tools of tkt 
correct sections to produce Vue desixed tfa&pea tat 'Ooe Msve Vsdtaus and imrrti^ 8 
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Tv^ceSB of turning tbo ends with hand'turning tools is thus avoided. lutuil cutter is of 
lnointely the same section throughout its entire length* and the reslmrjmning is done 
yj grinding the end of the cutter only, so that it can only produce the same standard 
• rroi ft* long as it lasts—that is t*j soy till it is ground too short to be used any longer, 
Th*t parting off might have been accomplished by the swivel tool-holder : but a special 
f tno, Fig, 1256, is found to be more convenient In parting off close up to the chuck or 
lathe spindle. 

To produce a maximum amount of cutting in a minimum spice of time, there urn 
2 main points which must lie carefully attended to. These mein to be applicable to all 
cutters for cutting metals, whether they happen to he those fixed rigidly in tool-boxes, 
aa in turning lathes, planers, sharpens, stutters, Ac,; or those which cut while they 
revolve, ns milling cutters, twist-dnlls, boring-bits, Ac, These 2 important points nre:— 
<!> The angle of the cutting surface (or cutting angle), Fig, 1253,—i.e, that surface 
which removes the shavings of metal, and upon which the pressure of tlie cut comes, as 
shown by the arrow, (2) The angle of the clearance surface (or clearance angle)—l e. 
tU xt iurfkce which pusses over the surface of the metal which Los been cut, and does 
not come in contact with the metal at all. 

To produce the beet results, mid to ensure the utmost simplicity, it is important that 
th’*ee 2 angles be correctly constructed in the first instance. The best measure for 
tio*h angle* has been arrived at from actual practice and a series of experiments. 
When otto* obtained and started with, they should not alter by use, but always remain 
oongtaut, if the greatest amount of cutting efficiency is to be achieved. When aided by 
« mechanical system of re.grinding, and the use of standard angle gauges. Figs. 1251,1255, 
there is no difficulty in maintaining the exact angles. The only changes that Uke place 
•re that the cutters in tool-holder* become gradually shorter and shorter by grinding, 
mnd that milling cutters during a long period of time become very gradually smaller in 
diameter, by the process of resharpening them on n fine emery wheel. In the ease of 
the tool*holder», as already explained, the cutting angle is maintained by the syatem of 
regrinding, and the tool-holder itself always maintains tlio clearance angle. The system 
I- tlins simplified, ns will be clearly understood when it is remembered that each one 
nf the tool-cut l era (no matter of what description) is ground on its end only, Tim 
fevxti tn is thus never altered, no smithing or alteration in form is necessitated, and 
<v»n sequent I y no repairing has to he done in the smiths’ shops. The objects aimed at 
Love been: 

1. To produce the highest class of workmanship, by providing the best known form 
nf cutters, carefully made, and capable of having the cutting edges accurately re ground, 

that the surfaces of the machined work may be produced direct from the cutters so 
kiighly finished that no hand* work could possibly ini prove them. All the turning of 
wrought inn, for instance, is ao perfectly finished that there is no necessity to polish it 
by means of emery or emery doth, 

2. To make all the cutters an free from complication, and simple to keep in order, 
that ru> difficulty or error may take place in regri tiding them. 

S. Since finely-polished surfaces cannot be obtained without the most perfect 
vnttiug edges, to make all cutters not only of the best tied, but with their cutting 
mo#* carefully and accurately ground up, in almost all cases by mechanical means. 
The durability of tbe cutters, from ihetr construction and high cla^ of material, is very 
great* and they are thus capable of removing a great weight of motel in a given time. 

Tbe grinding or sharpening of all cutting edges is reduced to the greatest sim¬ 
plicity ; and only three descriptions of mw, bines are requisite for this purpose. They 
8re all arrange 1 to grind mechanically; that is to say, the cutlers while being ground 
^re carried and pressed on the grindstone or emery wheel by mechanism. The requisite 
tcirme* and angles are also obtained by mechanism, it being lound vtv 
S ufficient veuncy cannot be secured by hand grinding. 

% ^ % 
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The machines are as follows:— 

1, A grindstone with slide-rest, for grinding all the cutters used in tool-hoLlera 

2, A twist-drill grinder; this also Is by preference & grindstone, with mediae ism fat 
holding and guiding the twist-drilia, A machine with an emery wheel in place of Ik 
atone is also used for the grinding of twist-drills, with much the same mechanism Aar 
carrying the drills. In practice, however, the stone grinds about double the number uf 
drills per day, and with less risk of drawing tbe temper. Both stone and eaaoy-viuvJ 
are run at a high speed, and used with water. 

3, A small but very complete machine (Fig, 1262) for regrinding milling cutter*. la 
this cnee gritstone does not answer, and the grinding wheels are obliged to beemtrrot 
corundum. They are very small in diameter, and many of them are exceedingly thin, 
and so delicate in form that if made of gritstone they would rapidly lose their dtapa 
They are run at a high speed, and are turned into form while revolving by means wf i 
diamond- A milling cutter will work for a day, and in many cases for 2 days, without 
showing signs of distress. 

Before the cutting edges are visibly blunted, but ns soon as the sense of touch tbowi 
their keenness to be diminished, the cutter should be put into this machine; andti* 
probability is that not more than zfov w- ne€ d be ground off each tooth, before it 
restored again to a cutting edge almost as fine us that of a wood chisel. Each cutlinf 
edge, or in other words each tooth of the milling cutter, is only passed rapidly cOtttC 
twice under the revolving wheel, which is itself of very fine emery. It can therein h 
readily understood how delicate an. operation this is, and why emery alone will aiuvfr j 
for it. 

In order to maintain the correct forms of angles of all cutters for tool-holder*, shut | 
steel angle gauges. Fig, 1234, arc provided, and tbe process of grinding is thus neditfrf j 
to a complete and exceedingly simple system. In well-regulated shops a young nufl • 
selected to work each machine for cutter grinding; and in practice each man m » 
gaged can keep a works employing 150 men (exclusive of moulders or boiler nukm) 
well supplied with all tbe necessary cutting tools from day to day. A very gw»* 
saving is thus effected, as no machine need ever stand idle for want of cutters. 

Talcs for instance an engineering works employing 250 men. Tbe requiaile took* 
of improved grinding machines, with special mechanical appliances, is as follows* 

2 patent grindstones for resharpening cutters mechanically ; 1 patent twist-drill (dfld< 
for resharpening twi$t-drille mechanically ; 1 improved cutter-grinder with anydl larry 
wheel, for tho resharpening of cutters used in milling machines. 

To follow the system out satisfactorily, the man working tbe grindstone goes 1 
to each machine every morning, collects together those cutters which have been falnnlrf 
by nee the previous day, carries them to his grindstone, resharpens them, sad d> 
tributes them again to each machine ; winch is thus kept well stocked with an I 
number of cutters, always ready for immediate use. 

Tbe cutters for tool-holders do not require any repairing in the smithy ; con«qtf«t'? 
that operation, which is costly in so many ways, is avoided, and jobbing or tool snttla 
with their strikers are almost entirely dispensed with. 

For rehardenmg the cutters, n rule is made that w hen tbe grinder meets with cytfci 
which ore not as hard at their cutting points as they ought to be, he puG* them ob «* 
side, and periodically, say once each fortnight, he sends the lot into the smithy frr t> 
end of each to be retempered. This is a very inexpensive operation. They are pbari 
in a small oven by dozens and very slowly heated up to a dull red ; the end of id 
cutter is then plunged into a perforated iron box, the bottom of which is ftmrcd 
tbe required depth of water, to harden the cutter to the proper distance from iti 
The cutters are left ftta&dmg \u a nearly vertical position in the box of witer, wfll 
they have gradually oooVed down van&kSD&j ta\nx«Bnved. They ora than kus t *> 
grindetoue T regtouud, and glveu uvA lAfix \»\fe used is ti* j 
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Afferent machines. With steel of the highest qualitiei for the cutters it in most im¬ 
portant to keep it out of the smith's fire entirely, if possible, That object in here 
attained, the cutters never going to the fire except for re hardening* During the life of 
a cutter it only sees the fire probably G times. 

As the weight of each cutter is small, not probably more than T ‘ r to ^ that of a 
forced to l used for the same purpose, the outlay for best tool steel is not heavy ; and 
the engineer ia not tempted to purchase any but that of the highest quality. With 
auch steel, especially when used in the best manner, each machine is capable of cutting 
ut a high rate of speed, and the cuts may be coarser than those ordinarily taken. When 
the swivel tool-holders were first used on planing machines, cutting slots 1 in* broad 
into »olid castings, it wn* found that 2 teeth nf the feeder could be used at each stroke. 
Previously a forged tool of the same breadth, ground to form by the planer to the best 
of ita ability, had been used in the same machines; but he found, on trial from time to 
time, that it was Impossible tu use more than one tooth of the feed ; or* in other words, 
the tool-holder cut a given depth into the metal in half the time of the ibrged tool. 

Again, when the swivel tool-holders were first used in cutting square-threaded 
•crows, the utmost the lathe could do with forged tools was to take 4 degrees of feed at 
twitch cut, os indicated by the micrometer feed-wheel. The tool-holder on the other baud 
took 7 degrees of feed in the same Lithe, doing the same work, and producing quite as 
good or a better finish with the same expenditure of steam power. 

The cutters for the swivel tool-holders can not only be made at the outset, but also 
constantly maintained, at the best and most efficient angles which practice can teach ; 
it therefore follows that a very much bettor class of roa dune work can bo produced. 
The fin (shod surfaces obtained from the tool'holders show a striking superiority over 
tboso from forged tools, especially when in the latter the angles are ground by hand by 
each man or boy working a machine. The tendency then is to grind the cutters to all 
sorts of incorrect forms, which more or less tear the surfaces of the machined work, and 
leave bad finishes, such as require a considerable amount of hand labour bestowed upon 
them afterwards, in filing, scraping, and polishing. 

Again, the tool-holders have led up to a considerable extension of what is called 
bread-finishing, in planing, turning, shaping, slotting, &e. 

Bread-cutting feeds, varying from | in. to 1| in. in width, are very commonly taken 
by the swivel tool-holders and more accurate surfaces produced than with finer feeds. 
The advantages in point of time saved are very great; the time occupied in finishing by 
broad-cutting being to of that consumed by finishing with ordinary feeds and iu 
the usual manner. The width of broad-cutting cun be Increased lo any desired limit, 
and there have been special cases where it has been advantageous to take thin shavings 
3 in. to 6 in, in width. 

The principal limits to broad-cutting are as follows :■— 

1* The power of grinding the cutting tool to a sufficiently straight or true cutting 
edge ; the best plan, of course, being to do this by mechanical means, 

2. The securing a sufficient stability in the machine tool to hold the broad-cutter so 
rigidly up to its work that neither the cutter itself nor the work may spring away, and 
that no jarring or injurious vibration may be produced, und impart its evil effect to the 
finished surface. 

3, The securing of sufficiently accurate work to answer the purpose for which it may 
l»e required: for instance, the piece of work planed or turned by Ibis process may be a 
portion of a large railway bridge, where absolute accuracy is not required, or it may be 
some portion of a machine tool, where the utmost accuracy is needed ; or, again, some 
portion of an engine, where the builder is anxious to obtain all the accuracy which cun 
possibly be produced direct from thu machine took 

During the last 30 years many attempts have been made to tnlrodwEfe wVX\ss* 
of drilling and boring* Many engineer* have used *quaie bat vft&KStv 


650 


Turning —Tools for Metals. 


smith has twisted, and then flattened at one end to form a drill. The object at tix 
twisted stem was to screw the cnttingB out of the hole, and to some extent this soeoeeded 
but not perfeotlj. The twisted square section revolving in the round hole hid i 
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tendency to crush or grind up the cuttings; and if they were once reduced to powdtf 
was difficult (especially in drilling vertically) for the drill to lift the powdered rod 
out of the hole. In most cases the \\\* W\t ^ %ueh form that the cuuii 
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!e, or faeo of ench lip, which ought to have been nbmit GG°, Fig. 1253, whb 00°, or 
a wiiU more obtuse ; this being an angle which would scrape only, but could hardly 
xpeeted to cut sweetly or vapidly. 

Again* there were attempts to make the cutting angles of the 2 lips of much the 
ic number of degrees as that given by the twist itself in a good twist-drill This * 
-doue by forging or filing a semicircular or curved groove on the lower face F of 
h lip. Figs, 1250, 1251, For a short time lips thus formed cut fairly well, but a 
f small amount of regritiding soon put them out of shape, nud made them of such 
use cutting angles that good results could uo longer he expected from tht-m; and to 
aonetantly sending such drills to the jobbing or tool smith, and then to the fitter to 
into form again before they were re hard cued, was found to he too tedious and too 
•easive. Again, to arrive at the beat results in drilling, each of the cutting lips 
uld make the same angle with a centre 1 line taken through the body of the drill; in 
ftr words, the angles A and B* Fig. 1245, should each have exactly the tamo number 
iegrees, my 60°, The clearance angle* also should be identical, and the loading 
it P should form the exact centre point of the drill. From practice it is found that 
lese proportions are not correct, the drill cannot pierce the metal it is drilling at 
•e than about half the proper speed, and the hole produced will ulso be larger than 
drill itoclf, ns will be exemplified a little later on* To give an idea of the excessive 
■rracy which must be imparted to a twist-drill, we must bear in mind that even a 
d feed is only in. to each revolution; anil as two lips are employed to remove 
i thickness of metal, each lip has only half that quantity to cut, or in. This 
in. is as much as can be taken in practice by each lip in drills of ordinary sizes. 

It will therefore lie readily under*tnod that if one lip of a drill stands before the 
-r to the extent of yijj in* only, the prominent lip, or portion of a lip, will have to 
mve the whole thickness of the metal from the bole at each turn. The lip of thq 
ill not stand such treatment; and it is therefore obvious that if this were 
mpted the prominent Up would either break or become too rapidly blunted. To get 
r these difficulties, (he driller would no doubt reduce his feed by one-half, or to 
in. ptr torn, which would mean about half the number of holes drilled in a given 
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This nice accuracy, although absolutely required, cannot bo produced by baud 
id hi- : neither can a common drill, having a reogh black stem more or less eccentric, 
ground accurately, even by aid of a grinding machine with mechanism for holding 
To grind any drill accurately, it must be concentric and perfectly true throughout 
U the shank, as that part lias to be held by the drill-grinding machine. If the 
ling is to be done In the most rapid manner, in other words, at the smallest cost, anil 
fee bust class of work is also desired, it seems certain that a twist-drill, with all the 
i racy which can possibly tie imparted to it in its manufacture, and the greatest care 
»loycd in the resharpening, is the only instrument which can be employed. 

About n quarter of a century ago both Fir Joseph Whitworth and Greenwood, of 
ids, made some twist-drills; but it is to be presumed that a large amount of success 
i not achieved with them, and for some reasons the system was not persevered with* 
er that period the Manhattan Firearms Company in America produced some beanti- 
y finished twist-drills. Though the workmanship in these was of a superior descrip, 
i, the drills would not endure hardship. It was found that the 2 Bps were too keen 
their cutting angles, and that they were ton apt to drag items rives into the fcnttal 

t ele cutting, finally to dig in and to jam fast, and to twist themselves into frug* 
Morse then took the matter up, and by diminishing by about 50 per cent, the 
mneas of the cutting lips of the twist-drills, made a great success of them. He used 
grinding line A B, Fig. 1252, and an increasing twist. In such a drill, of the standard 
gth, and before it is worn shorter by grinding, the twist is so rapid towards the li\& 
it the angle they present, or what has been already TfcferwA Vi 
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cutting surface, is very nearly the same as Hint which W, F. Smith had prm»?j I 
established for cutters cutting metals, as in Fig, 1254, 

If, however, the angle of twist is made to increase towards the lips, it will <A ms I 
. decrease to ward ■ the shank, as in Fig 1251. The shorter the drill is wom,t btw* 1 
obtuse the cutting angle becomes, and the less freedom will it have; snppnsia^ ^ 
cowrie, that the angle, when the drill was new, was the moat efficient, sipfww tiii 
decrease of twist were carried still further by lengthening the drill, a cutting %£& 4 
9 QP would eventually be arrived ah The old common style of drill usually lisi a rote? 
edge which ts so obtuse as not to cut the metal sweetly, but on the contrary !o kn 
more of a tearing action, and thus put so much torsional strain on the drill that 
is certain to take place, even if what the writer would now consider a moderate fool 
put nn by the drilling machine. 

It is therefore obviously advhntageoua to adopt from the first the best cutting arid-' 
for all twtet-drilla, and to preserve this same angle through the whole length oftk 
twilled part, so that, however short the drill may be worn, it always presents the ss 
angle, ami that the most efficient which can be obtained. This cutting angle Is mtf ^ 
to fix, and become* an unalterable standard which will give the best attainable ft nil* 
This has been adopted at the Greeley Works, Manchester, and of course ijylfei fr 
both Ups. 

A common drill may 11 run,” as it is usually termed, and produce a hole wtaft > 
anything but straight. This means that the punt of the drill will ruti away boo tte 
denser parts of the metal it is cutting, and penetrate into the opposite side which i* * * 
and spongy. This is especially the case in coalings; where, fur instance, a bom m*b 
quite bound on tho one aide, while on the other a mots of metal may be full of blow lota 
or so drawn away by contraction in cooling as to be very soft and porous. In such 
it is j»erfeclly impossible to prevent a common drill from running into the soft oh 
This sort of imperfect hole is most trying to the fitter or erector, and If it h*r to k 
tapped, to receive a screwed belt or stud, is moot destructive to a tee I tups. The b{*«t 
very liable to bo broken, and an immense loss of time may also take p]*cu in atteaiftaf 
to lap the hole square with the planed face, A twist-drill, on the other band, fn* * 
construction is bound to penetrate truly, and produce boles which are os perfect at* , 
possible to make them. 

The next important step in twist-drills lias been to fix a standard shape and atiglt d 
clearance for both lips, which should al§o give the Lost attainable result. This 
might be tampered with if the regrinding were done by band, and too much or too fink 
clearance might easily be imparted to the drill from want of sufficient knowledge m* tk 
part of the workman. If too little clearance, Fig. 1248, or in some coses none at ril,* 
given to tho drill, the cutting lips then cannot reach the metal, consequently they c*£=x 
cut The self-acting feed of the drilling machine keeps crowding on tho feed until ritte? 
the machine or tho drill gives way. Usually it will be the latter. 

Again, if too much clearance is given. Fig. 1219, the keen edges of the Ups dig *** 
the metal and imbed thciusclraa there, end of course break off. 

The grinding line A B, Fig. 1252, was introduced in the Btutee to usut the opsia» 
in keeping both lips of the drill identically the same. To arrive at this, however* * 
more than can be accomplished by baud grinding, as not less than 3 points k»tt t 
bo carefully watched, vix,: (1) That both lips are exactly the samo length; (2) tbtf 
both make the same clearance angles; (3) that both moke the aruue angle with tte I 
centre line ot» the body of the drill. If these ore not attended to, tlie drill Ups may te 
instattoe be both ground so as to converge exactly to the grinding lines at the paint i 
centre of the drill, and may still lie of such different lengths and oftgtra as to prcdw' 
very bad results in drilling. 

M uch ingenuity hu& been expended nu uuad&uai for the grinding of the 2 lip* * d 
mcckaideal accuracy. The one wrt&Sx ta&WabVe va&rasfcb. w\W United Stein 
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Its 3 motions ingeniously combined with each other. So many motions* however, entail 
iomplicalioD ; and this, added to a system of holding the drill which was not sufficiently 
reliable* failed to produce the extreme accuracy it is requisite to impart to the 2 angles. 

The grinding tine* too* ia found to be more or lean a source of weakness. It is therefore 
advisable to dispense with it if possible’ and where a good twist-drill grinding machine 
it used* the grinding line is seldom or over looked at, and ia that case is useless. If it 
is still desirable to have grinding lines (ns in some cases where hand grinding has to be 
ivlied upon), they should bn made as faint os possible, and not cut deeply into the thin 
central part of the drill so us to weaken it. 

.Fig. 1247 is drawn exaggerated, in order to show the ill effect of grinding one Up of 
a drill longer than the other. 

A simple and efficient twist-drill grinding machine was so much needed* that within 
the last 3 yearn the writer has designed one. The twist drill in this machine has only one 
motion imparted to it to produce the 2 lips of each drill ns perfect fac-similes of each 
other and with the desired amount of clearance. Many of these machines are now at 
work. That the drills ground by them are accurate is proved by the holes drilled being 
*o nearly the size of the twist-drill itself that in many cases the drill will not afterwards 
drop vertically through the drilled hole by its own gravity: in other words* the hole is 
thj larger than the drill which has drilled it. 

It is not generally known that this is the most severe test that can be made of the 
accuracy of regrmdmg* and of the uniformity of all purls of the twist-drill. 

The whole of the drilling in many establishments is now done entirely by twist-drills. 
Binee their introduction it is found that the self-acting feed can bo increased about 90 per 
cent,; and in several engineering works the feeds iu some machines have been increased 
by fblly 200 per cent.* and consequently 3 holes are now being drilled in the tame time 
that one was originally drilled with the old style of drill and with old machines. 

It may he interesting to give a few results out. of numerous tests and experiments 
made with twist-drills. Many thousands of holes f in. in diameter and 2f in. deep huvo 
Wcd drilled* by improved J-iu. twist-drills* at so high a rate of feed that the spindle of 
the drilling machine could he seen visibly descending and driving the drill before it. 
The time occupied from thu starting of each hole, iu a hammered scrap-iron bar, till the 
drill pierced through it* varied from 1 min. 20 sec. to ] 4 min. 

The holes drilled were perfectly straight. The speed at which thn drill was cutting 
was nearly 20 ft. per minute iu its periphery, and the feed wan 100 revolutions per ha 
of depth drilled. 

The drill won lubricated with soap and water* anti went clean through the 2£ in. 
without being withdrawn; and after it hud drilled each hole, St felt quit© cool to the 
bond, its temperature being about 75° F. It is found that 120 to 130 sneh holes can 
1« drilled before it is advisable to resharpen the twist-drill. This ought to be done 
immediately the drill exhibits the slightest sign of distress, ir carefully examined* after 
this number of hales has been drilled* the prominent cutting parts of the lips* which 
have removed the metal* will bo found very slightly blunted or rounded, to the extent of 
about y^tn,; and ou this length being carefully ground by the machine off the end of 
the twist-drill, the lips are brought up to perfectly sharp cutting edges again. 

The same sized holes* § in. in diameter and 2| in. deep, have been drilled through the 
same hammered scrap iron at the extraordinary speed of 21 In. deep in 1 minute and 
3 seconds, the number of revolutions per in. being 75. An average number of 70 holes 
can be drilled in this case before the drill requires resharpening. The writer considers 
this test to be rather too severe* and prefers the former speed. The drills itt both cases 
wore driven by a true-running* drilling machine spindle* having a round tAper bole* which 
also was perfectly true; and the taper shank and body, or twisted part of the drills* also 
ran perfectly concentric when placet! in the spindle* or in a reducer* or socket having a 
taper end to fit the spindle. When the drills run without any ui^uVtveVc'j v \Nitva \a vtf* 
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pressure, and next to no friction on the sides of the flutes; the whole of the prfiecfi 
and work being taken on the ends of the dr ilia- Consequently they are not found to 
wear smaller in diameter at the Up end, and they retain their aizca, with careful uAgw 
to n wonderful manner. The drills used were carefully sharpened in one of the twrst- 
drill grinders mentioned shore. 

lu London upwards of 3000 holes wen drilled f in. in diameter and * in. derfr 
through steel ban) by one drill without regrinding it. The cutting speed waj in tin 
instance too great for catting steel, being from 18 ft. to 20 ft per minute : and the revolt 
is extraordinary. 

Many thousrads of boles were drilled \ in, in diameter, through cact iron ^ in. 
with straight-shank twist-drills gripped by an eccentric chunk in the end of tWipinilk 
of a quick-speed drilling machine, The time occupied for cue h hole was from 9 to 
10 seconds only. Again, 1-in. holes have been drilled through wrought copper* 1J in. 
thick, at the speed of one hole in 10 Bemuds. 

With special twist-drills, made for piercing hard Bessemer steel, mil holes, ]* u in. dev 
and u in. in diameter] hnve been drilled at the rata of one hole in 1 tumid? nd 
20 seconds, in an ordinary drilling lunchine. Had the machine been stifter and nsorr 
powerful, better results could have been obtained, A similar twist-drill* j| in. in 
diameter, drilled a hard steel rail f £ in, deep in f minute* and another in 1 miiiali 
10 seconds. Another drill, * id, in diameter, drilled f in. deep in 88 second?, ths culti>< 
speed being 22 ft. per minute. The speed of cutting rather distressed the drill: a spwl 
of 16 ft, per minute would have been better. The steel rail was specially sekcteil w 
being one of the hardest of the lot. 

The writer considers milling the moat important system used in the cutting of metei 
It is found practicable, and in most cases it is exceedingly advantageous, to finish (ari» 
it is usually termed to ** machine '*) almost every class of work* such as is now usually 
finished by planing, shaping, or slotting machines* In one or other of the numerous kitwk 
of milling machines already In use. It may uot be generally known that in this elus^f 
machine* milling cutters are being used of diameters ranging from 20 ft. used fur hiavj 
engine work* down to } in, or £ in.* used principally for the intricate work required in 
sewing machines* small arms* &c. 

By the former, the work done is what is known as face-mi!ling; the mill ibrif k 
somewhat similar toe Iarg« lathe face-plate* and the seveml cutting portions annt»d 
tools inserted into and firmly secured to it by a aeries of set screws or keys- Ou the 
other hand* the milling cutters of the small sizes from |rin. up to about 8 in, in diomflM* 
are made from solid blocks of cast steel* or blanks* as shown iu Fig. 1261. 

The term milling is more generally understood iu the United States than in tin* 
country. It means the cutting of me In Is by the aid of serrated revolving cutter*, wifh 
having a number of cutting teeth. Milling cutters have been used in this country m 
many years, but until recently with only a limited amount of success* owing to ib* 
expense ami difficulty of producing their cutting edges and keeping them in enkr. 
This w'as next to unpowblfi before the introduction of a machine* with a unull emny 
wheel, and compound slides, Ac., for carrying the milling cutter whilst being u- 
sharpened. Hence in the old system of milling, which did not permit of the resharpening 
of the hard teeth, the results were, that after much expense and time had been Imdtavsd 
on a cutter (including a quantity of hand labour spent upon it while in its unhanten^i 
state)* the whole wtu» as it were upset by the process of tempering; the accuracy whHi 
had previously been imparted to it being usually quite destroyed by the action of the 
lire and sudden cooling- In some eases the cutter would be found slightly worp*d 
twisted ; in others it would be oval or eccentric ; and most frequently* when set to wvrl 
on a truly-running mandrel in the milling machine, not more than | of the number of 
i1b teeth were found to bo cutling at all, the others not coming in contact with ths 
Work , This really meant that not moto thaw \ *>t tiua teed per revolution cotdd 
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t*' applied, and not more than ’ of the proper work produced. Nor was thin the only 
drawback: the quality of the workmanship produced by such a milling cutter was not 
of the best* and deteriorated hourly from hiuriling and wear. Such a cotter would 
pfidmhly not work for more than 2 whole days before it would require to be again 
softened by being heated red hot nnd allowed to cool gradually. The expensive and 
unreliable process nf resharpening by hand-filing hiul to be gvue through again ouco 
more ; then the re tempering, which caused the cutter to again become warped, swelled* 
or eccentric; and each time it was subjected to the heat of the fire, it ran the risk of 
being destroyed by cracking whe n plunged into the cold bath. 

It is necessary now to describe the modem system of making and maintaining the 
improved milling cutters. A east-steel forging* or blank as it is usually styled, is 
Imfetb and then turned to its proper shape in a lathe* The teeth are then machined 
oat of the solid to their required forma, in a universal milling or other machine. This 
work is so accurately produced, direct from tiro machine, that no expensive hand labour 
mjeri he expended upon the milled cutter, which is taken direct from the milling machine 
U * Ike hardening furnace, and tempered. The hole In the centre of the cutter is then 
carefully ground out to standard size* bo that it may fit naturally and without shako 
both on the mandrels of the grinding machine and on that of its own milling machine. 

The culler or mill B, Fig. 1262* is now placed on the mandrel M of the small cutter* 
grinding machine; the mandrel itself is adjusted by means of a worm W and worm- 
wheel C to its required angular* vert ion 1, nr horizontal position, and each tooth is ground 
or resharpened by passing it once rapidly forward and backward under the small 
revolving emery wheel H. The mandrel fits easily into the cutter which is being 
ground* so that the latter may be readily turned round by tlic thumb and finger of tho 
operator. 

The exact mode of setting such cutters is m follows ;^-The clearance angle J L K 
on e«ch tooth is obtained and maintained by the emery wheel H T one of which is 
exhibited. The clearance is obtained by adjusting the centra £ of the emery wheel H 
a short distance horizon tally to the left of the vertical line through the centre O of the 
milling cutter. The shorter Ibis distance E C the less the amount of the cleumince 
imparted to each tooth of the milling cutter A. The lower L K in n tangent to the 
cifctnnfereisce of the milling cutter* drawn from the point of contact L; and the upper 
lice L J is a tangent to the emery wheel from the same point. The angle formed by 
these 2 lines is the angle of clearance. 

Each tooth is held in its comet position by men ns of a stop S* while the milling 
rotter is rapidly passed once forward and backward under the emery wheel. As will 
be seen by the arrows, the tendency of the emery wheel is to keep tho cutting edge 
which is being ground close up against the stop S, Thera is no more difficulty in 
grinding spiral cutting edges than straight ones; and the face and conical cutters cira 
also he ground eometly* and with the same amount of ease. 

Milling cutters are made of the required form to suit the various shapes they are 
intended to produce; and all the ordinary forma can be used in any milling machine 
either of the horizontal or vertical elaas. 

The face-milling cutters. Fig. 1258, arc of disc form, nnd are among the most useful. 
They *ra constructed to cut on one face and on the periphery, and produce very perfect 
finbb, especially on east iron. This form is also very useful for stepped work, which, 
even when not of the simplest form, can readily and reliably finished to standard 
breadth* and depths; so lhut the pieces may bo interchangeable, and fit together 
without the slightest shock* just as they leave the machine, and without any hand labour 
hestewrd on them* 

Another ordinary but very useful form is the cylindrical cutter, Fig. 1259, with teeth 
cut spirally over its circumference. This is largely employed for cut ting flab, vertfcwU 
or hoiixontnl surfaces fur finishing concave and convex curves, tend. Wc 
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made up of straight lines and curvet. With this spiral arrangement of the teeth, sal 
with reliable means of regrinding or resharpening them, very high-class machine eat 
can be produoed. Some experiments have been made by catting a spiral groove « 
thread into the outer surface of one of this class of mill, and thus reducing the aggrepfe 
length of its cutting surface. The results appear to be practically as follows: If belt 
the length of cutting edges are dispensed with, only aboat } the maximum feed per 


1258. 1359 . 12SL 



revolution of the cutter can be applied by the machine; if f of the length of the cater? 
lips are left intact, f only of the aggregate feed can be used, and so on in the aw* 
proportions. 


1262. 1263. 



Other mills, again, are made in the form of small circular saws, varying from \ & 
to U in. or more in thickness. The teeth in some of these are simply cut around the 
circumference ; others have these teeth extending some distance down each side, their 
edges radiating from the centre of the mill, as in Fig. 1260. Towards the centre theya» 
reduced in thickness so as to clear themselves. These cutters are useful for a very great 
variety of work; for instance, the cutting of key-ways, parting ofT or cutting thread 
pieces of metal, and making parallel slots of various widths, for the broader of which 
2 or more cutters may be used side by side. 

Conical and annular milling cotters, Fig. 1261, are much employed for a great variety 
of work, such aB the cutting of reamers, the making of milling cutters themselves, 
bevelling, cutting the serrated. part otYraud- In Fig. 126t 
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C f D am edge views of some of these cutters: K represents a face view, and E a 
n of one of them. 

ny complex forms, such as the spaces between the teeth of spur* mitre, and other 
Is, can be machined by using what are known as the patent cutters, which eau be 
upeued as often us required by simply grinding the face of each tooth. They are 
instructed that however often they are n ground they never lose their original 
id forms, and always produce the mints depths of cut. One of these cutters, for 
nee, will cut the same standard shapes of teeth in a spur-wheel, after it hus been 
for years, as it did the firat day R was started. 

Sww is risk of fracture in making large milling cutters out of one solid cast-steel 
k, the principal difficulty being in the tempering. In practice it Is found that if 
are required of larger diameter than about 8 in. they are belter made of wrought 
or mild steel discs, with hardened cast steel teeth, so securely fitted into them that, 
' do not require to be removed. The cutting edges can then be resharpened in their 
peaces, as in the case of the ordinary milling cutter; thus ensuring that each shall 
! the same angle of cutting and clearance, run perfectly concentric, and therefore do 
ucimum amount of cutting in a given time. It must, however, be borne in mind 
the smaller the diameter oF the milling cutter the better finish it will produce; and 
m of large diameters should only be used to reach into depths where one of smaller 
aeter could not. Again, the smaller the cutter, the less does it cost to make and 
ataiiu 
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[he writer bus not had an opportunity of actually testing the relative nmmints of 
.ne power required for driving milling machines; but as far as be can judge ftnin 
nary practice in doing ordinary work, he has not perceived that any more power is 
lired to remove a given weight of shavings than that required for a lathe, planing 
bine, or shaping machine, with efficient cutting took in all cases* 
fhe cutting speed which can be employed itj milling is much greater than that which 
be used in any of the ordinary operations of turning in the latbe, or of planing, 
dng, or slotting. A milling cutter, with a plentiful supply of oil, or soup and water, 
be run at from 80 ft to 100 ft. per minute when cutting wrought Iron, 

The same metal can only be turned in u lathe, with a tool-holder having a good 
it, at the rate of 30 ft. per minute, or at about £ the speed in milling. Again, a 
ing cutter will cut cast steel at the rate of 25 ft, to 30 ft, per minute. 

The increased cutting speed k due to the fact that a milling cutter, having some 
utdng points, has rarely more than 3 of these cutting at the same time. Each 
ing point therefore is only in contact with the metal during -fa of each revolution* 
a, if we suppose it is cutting for one second, it is out of contact, and therefore cooling, 
he succeeding 10 seconds, before it has made a complete revolution and commences 
it again* On the other hand, a turning tool, while cutting, is constantly in contact 
i the metal; and there is no time for it to cool down and lose the heat imparted to 
* the cutting. Hence, if the cutting speed exceeds 30 tl* pet an ^\\W\ 
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mil be produced that the temper will be withdrawn from the tool, The seme difficulty 
to a great extent applies to the cutting took in planing, shaping, and slotting madaMa 
The speed of cutting is governed also by the thickness of the shaving, and by tbs 
hardness and tenacity of the meUl which is being cut; for instance, in cutting mild 
steel, with a traverse of * in. per revolution or stroke, with a shaving about f in. thick, 
the speed of cutting must be reduced to about & ft, per minute* A good average culling 
speed for wrought or en*t iron is 20 ft* per minute, whether for the lathe, planing, 
shaping, or slotting machine, (W. F* Smith*) See also p. 55* 

For TFoewf.—The chief took usually required for wood turnery are plain gMtypi 
and chisels* An inch gouge, that is, one 1 in* wide, is the largest that can well be used 
with a light treadle lathe, and to use that effectively means hard leg work; § iu., | ul, 
or J in* will be more generally useful. The gouges should be well rounded in griudmf, 
Fig* 1266, so that the point, and not the corn era, eball lie used for cutting, and fhev, b 
cornmon with, meet of the other tools, should be furnished with tong banding—of which 
more presently. 

In turning straight stuff, either between centres or on the face-plate, the gouge unv 
be held Bat on its kick without any danger of its catching in the wood; but, in iurniof 
mouldings and in boring holes with the cup-chuck, the tool must be held sideway*, u4 
the comer of the gouge which is lowest, or rat her. speaking more correctly, some pofttol 
of that half of the gouge which is lowest, is the one that will be used for cutting, tU 
higher comer being carefully kept away from the revolving wood to prevent a mtek 
Even, however, in rapidly roughing down plain wood surfaces, it is advantageous to 
handle the gouge in this fashion, using both, sides alternately, since it cuts the wool 
quicker, cleaner, and with lets friction than when used nn the fiat* Many amotefiis 
become disheartened iu iheir first attempts at turning, because of the difficulty 4 
guiding and controlling Iho gouge. This is a lesson only to b© learned by pzttCtNfc 
The great thing is to 14 feel T * the work. Thus, if turning d mn a moulding or, say, ite 
ball on the end of a curtain pole, from circumference towards centre, there is tbr 
centrifugal force very sensibly tending to thrust the gouge outwards, and this, of coup*, 
is the force which must be resisted. The point of the gouge, or a portion just below the 
point, will bo used, as offering least friction, and it must be grasped very tinnly. lo 
turning a flat surface, no such feme exists, and the gouge may be held indifferently ts | 
any position and comparatively slack. Always the end of the gouge handle is held fa 
tho right hand, while the 3 last fingers of the left grasp the lower (lortion of the gmsge 
itself* The requisite guidance is imparted to tho tool hy the thumb of the left bund 
while the opposite forefinger passes underneath tire rest, in opposition to the IhuniK 
tlms gripping the tool as in a vice (Fig. 1284)* Lastly, keep the rest clcee to the work 
If you hare a wide space, you get too much leverage on the overhanging portirm of tii- j 
tool, and may catch and break your tool. The big gouges are stout enough to stafri 
rough work safely; but the |-in. gouge is a more delicate tool, and should not be used 
at all for roughing down stuff in the lathe, except it be of small diameter* TUt* 
remarks may appear blight, but they really embody about all that can be said m th* 
subject. Let the young aspirant bear iu mind cadi direction,do*u to the very minuUvt, 
and he will find, when by much practice he baa gained expertness in the use of tfn* 
gouge, that all essential hints have been comprised in those few words. 

Shopkeepers are always ready to 11 warrant f ' the tools of a respectable manufortuw 
^that is, if found useless on trial, they engage to exchange them, sending tin* W 
articles buck to the manufacturer. But sometimes, in the case of broken tool*, tb*y 
will dispute the justice of the claim mode by the purchaser* The tool may hate hers 
broken by the purchaser s carelessness, and the only way in which the Utter can pmtt 
his claim to have the article exchanged is by allowing the presence of a (law to tin 
broken part. If, when the tool break*, a dark a pot (Fig. J267) is seen to occupy » 
portion of the line of fracture, that \a ^ Sa wpit* atifltetfot to 
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eoimt for the breakage, and to condemn the tool. The dark spot is simply the film 
rust which has formed over the old line of fracture. It should be taken back while 
e new fracture ia freak and clean t and easily diutiuguhkablc from the old. 

A gouge for soft wood is generally ground at a long angle, similar to that shown in 


J36B. tm. 12 M. lira, int mi. mi. 



ig. 1268; for hard wood it may be a trifle less. But practically the same gouges are 
red indiscriminately for both woods, and the angle is always being rendered more 
it use by the process of sharpening. When newly ground the au%L* in th* wr&k 
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For aide chisels we m«y select a large one, 1 in, or i| in., and a 1-in. and H*>- A 
beginning may be made with one gouge and one chisel, say a |4n. ia each ctar, th# 
others being added iis required. 

Grind the chisels to an angle of about 20 p (Fig* 12693. It should not be la 
they are liable to kick, end they should be kept thin 
and sharp (Fig. 1270). fur nutting down end grain with 
facility. If thick (Fig. 1271), they * wobble * when 
cutting down across grain, with the result of leaving the 
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work uneven (Fig. 1272). 

In grim ling, some impart a slight amount of rounding 
to the cutting edge (Fig 1273). When turning, cut near 
the obtlUMngled cud (Fig. 1274), for if you get near 
to the opposite and* and slacken your gmsp for a moment, 
the acute-angled corner will surely catch, and produce 
woful consequences. It is well to practise this side 
turning in preference to scraping, because the oblique 
cut is more liko the action of a plane, and leaves the 
surface of the wood cleaner than does the tearing action 
of the sc raping chisel. Yet 2 or 3 firmer chisels, say 
1| in., f in., and | in,, for truing up wooden face- 
chucks, and pieces of work of large diameter, and tor 
recessing grooves, may he added with advantage. 

Fig. 1275 shows a round-nosed tool, necessary in 
many instances where mouldings have to be finished, 
and indispensable abo to the pattern-maker; f in., $ in., 
and | in. will be useful sizes. Of course these cun only 
be used as scraping tools. 

Side tools (Figs. 1276 and 1277) and diamond points, or parting tools (Fig. 127 5 X 
are for turning, or rather finishing, the internal portions of rings (Fig. 1279) or aljgn 
(Fig. 12SQ), either inner or outer, which could not be got at by tools having loss berth 
These, as well as the round-nuacd tools, can be purchased; but they can be iwlilj 
made, and will be quite as serviceable as the purchased ones, from worn-out fine-cut dit 
files of different sizes. Grind off Ibe greater portion of the cuts from their face^ *J*d 
grind also the points to the required bevel or curve, as Ihe case may be, and these will 
raflke excellent turning tools* You will be able to afford a greater variety by tMsmeoof 
than if every tool had to be purchased. Always manage to utilize the old files in #esi* 
way or another. Scrapers, screwdrivers, and metal-turning tools, cun be made from ohl 
files. 

When purchased, tools are without handles, and though the ironmonger will supply 
you with the latter at about 2d. each, they may just as well b© mode ns bought G*l 
some hard wood, almost any common wood, oak, ash, beech, birch, apple tree, An, i.m1 
saw into strips, some 11 in. or 12 in. long by in. hj. for the gouges and chisel#, mi 
others S in. or 9 in. long by 1| in. eq. for the scraping tools. Chop off the edge*, stsrt 
centres in ends with a gimlet, end run a cut in at one end with a tenon saw for the fork 
chuck. Get some brass tubing, {-im, |-in. for different-sized tools, and cut offia 
lengths for femillng. The neatest way to cut it off is this:—Say it is ^-in. luting. Gri 
a pk^ce of hard wood, not too long* &iy 5 in. or 6 in., and turn down to ^ tn^ so that th# 
tubing can bo driven ttgfaly over it fay Upping with the hammer. When thus drimi 
on* re-chuck the wood in the lathe, and cut off tlie ferrules with the point of a suis 
chisel, or of a diamond point (Fig, 1281), Tap out the wooden mandrel, file the bm 
from the inside of the ferrules, after which they are ready to go on their handle* f am 
down one end of the wood intended for the handle—that end nearest the poppet 
—w/tli callipers set to the maule dmtuetow el thu V>S2h and drive the wood 
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o the fermle tight, opening the jaws of the Tice wide enough for the edges of the 
rule to reel upon while doing bo. Then replace in lathe and turn to shape, which 
»y be either that of Fig, 1283 or that of Fig, 1266, the latter being preferable, as afford- 
£ a larger grip for the hand. Bore the hole for the tool either with a gimlet or brace 
dbit, ua straight as may be, sighting down gimlet and handle from time to time while 
ring. Open the hoi© out at the top with a taper shell bit, until the tool will drop in 


1W. 1173, 




within £ in. or 1 in, of its proper position, when the handle must be driven on over 
a Bbank with a hammer or mallet, holding the tool in a vice or against a block of hard 
od while doing an. A couple of coats of shellac varnish given to the handles will 
prove their appearance arid keep them clean. 

Taming tools lose their edges very rapidly, and a quick fretting stone should be 
id for restoring them. A Ohjjridey Forest stone is hardly coarse enough for turning 
ages, It may be used for the ehistda, which require a finer edge; but for gouges a 
eeian or a Washita stone is quicker in its action, or, even a piece of common slate will 
v- the purpose. Another reason why a special stone should be kept for the gouges 
that they rapidly groove it out, and so render it useless for chisels and other tools 
ring straight cutting edges. A slip of Charnley Forest will do for fretting the hollow 
rtioo of the gouge. Even that is not necessary when the tool is roughing down, since 
j revolving wood itself will knock off immediately the “ burr T ' or u wire edge, 1 ' which 
* been produced by sharpening the bevelled face. 

Those requiring a more comprehensive treatise on turning cannot do bettor than 

*?r to Canipin. 

HASOFfKY,—The term masonry is here used in a wide sense, embracing the work 
the atonemasovi end bricklayer as well aa concrete building. 

Stonework.—In selecting stone for constructive purposes, it is necessary to oscer- 
n its qualities with rtgnrd to the folio wing ehamctomt\c&. 
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Durability .^The power of resisting stmnspherio and other extern.*! influence*, bib# 
first essential in n stone for almo.-t tiny purpose. The durability of ft stone will «l*<j»m t 
upon its chemical composition, its physical structure, and the position in whkh ti ti 
placed; and the same stone vvi 1 greatly vary in its durability according to the nitm* 
and extent of the atmospheric in finances to which it is subjected* To make sure thut* 
stone will “ weather/'—that is, will wear well under exposure to the vtstlinMH) 
points have to be inquired into* 

The chemical composition of the stone should be such that it will resist the aclhs 
of the atmosphere, and of the deleterious substances which, especially in large cities, the 
atmosphere often contains* These destroying substances are taken up by the motitiin in 
the air, or by the rain, arid arc thus conveyed into the port's of the stone. The tulpiia? 
acids, carbonic acid, hydrochloric acid, and traces of nitric acid, 1ft the smoky air erf 
town*, and the carbonio acid which exists even in the pure atmosphere of the country, 
ultimately decompose any stone of which either lime carbonate or magnesia esrbomi* 
forma a onnstdmble part. The oxygen even in ordinary air will act upon m st«* 
containing much iron, and the fumes from bleaching works and factories of different kinds 
very soon destroy atonca whose constituents arc liable to lie decomposed by the putted* 
acids which the fumes respectively contain. In addition to the direct chctnicul action <f 
the sulphuric and sulphurous adds upon the constituents of stones, sulphates are snitf- 
times formed by them which crystallize in the pores of the atone, expanding and flowing 
off fragments from the surface. Thu durability of a stone dupends, therefore, to * 
great extent upon the relation between its chemical constituent and those of the itnw* 
nphere surrounding* A stone which will weather well in the pure air of the country aaf 
be rapidly destroyed in the smoke of a large t»wti, 

A stone will weather very differently according to the nature and extent of the than- 
spheric influences to which it is subjected, Obviously most stones will stands |flir» 
atmosphere better than one which is charged with smoke, or with adds calculated to 
attack the constituents of the stone ■ end the stone will be less attacked in dry ucalhr 
than during min : the destructive adds cannot penetrate so deeply* and the frost hs* m 
influence whatever when the stone is dry. Therefore the number of days on which theft, 
is ruin in any district has a great influence on the durability of stone used there, WrtI 
1ms a considerable effect upon the durability of stone. A gentle breeze dries out ti- 
moisture, and thus favours the lusting qualities. A high wind, however, is Itself a sujn* 
of destruction : it blows sharp particles against the face of the stone, and thus gnwfc it 
away. Moreover, it furo&n the rain into the pores, and may thus esnw i eoni&aW 
depth to he subject to the effects of acids and frost. Variation of temperature, apart Ikw 
the action of frost, is also a source of decay, the expansion and ormtnietiuu due to a 
causing the opening of undetected natural joints ; but its eflVcl must be coni]mntbdf 
slight as a destructive agent. 

The position of a static in a building may very much influence Um durability Tt* 
stone in that side which faces the prevailing rain i a mart liable to decay. Fans its* 
arc sheltered altogether from the sun and breeze, so that the moisture does not qokHf 
dry out, are very liable to decay. This may be noticed especially in buildings of in 
inferior stone situated in a bud atmosphere, In these it will be seen that the snflhW 
arches and lintels, the shady sidcH of window jambs, and parts of carvings which thvfBft 
never gets at, are always the first portions to suffer. Stone exposed to very difcmt 
degrees of heat on its different fare* is liable to crack from unequal expansion and eufr- 
traction* 

The physical structure of a stone Is of great importance, for upon it largrl* depend 
its power of resisting the action of the atmosphere. Chalk and marble are of I ha aw 
chemical composition—both nearly pure lime carbonate—yet the latter, especially 
polished, will resist an ordinary atmosphere for a long time, while the former is TVpkiif 
diiintcgmted and destroyed. Hence aluuea w\Ac\v wte crystalline In structure are fount 
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feather better than those that are non-crystal lino, Nosbue intruded for the exterior 
i bmlding: should have a porous surface, otherwise the rum conduct a the acids from 
Atmosphere into the pores of the stone, which soon becomes decomposed. Also in 
ter the wet penetrates the pores, freezes, expands, and disintegrates the surface, 
ring ft fresh surface to t>e similarly acted upon, until the whole atone is gradually 
troyed- If the other qualities of two stones are the same, then that which has the 
and finer grain is likely to be the more durable. It is important that, a stone be 
■penenug in ita structure. If the grains and the cement uniting them are both of 
ting material, the stone will he very durable. If the grains be easily decomposed and 
tv in Kiditig material ram rin*, the stone will become springy and pomes, and then 
I'b to destruction by frost. If the cementing material h destroyed, the grains will full 
pieces. Btone should contain no soft patches or inequalities; unequal weathering 
i proj el ions which catch the rain, Ac,, and hasten deeny. 

Alt-mis A. J alien, of the Solmot of Mines, Columbia College, sums up the results of a 
of papers read before the Now York Academy of Sciences on the decay of build in g- 
iia^i as follows:—If a rough estimate ba desired, founded moody on tho observations 
de of the comparative durability of the common varieties of budding-stone used in 
Turk city and vicinity, there may be found seme truth in the following approximft* 
*« figures for the u life ” of each stone, signifying by that term, without regard tr> dis- 
tioft or other objecttenable qualities, merely the period after which the incipient 
my of the variety becomes sufficiently offensive to the eye to demand repair or 


Coarae brown? bine ,, 
Laminated fine browns'one », 
Compact fine brownatone 
Limestone, coarse fossil ifernus 
,, fine oolitic (French) 
Marble (dolomite), coarse 
„ „ fine „ 

Marble, fine ,, „ ** 

Granite .. 

Gneiss 


Lin- hi ypjra, 

„ . 5~14 

, „ 21V-50 

. » 1GQ-200 

. ** *. 20-40 

. ** „ 311-40 

.. .. 40 

I# 4 * - .. .. eo-80 

„ .. .* £0-200 

.. „ 75-200 

50 years to many centuries. 


ITorA-fii^.—The readiness with which stone cun be converted by the mason into tho 
bus shapes in which it is required for different kinds of work is of importance from 
cc nomical point of view. The characteristics of a stone in this respect will depend 
some case* upon its hardness, but will also be influenced by the soundness of its 
:tnre; by its freedom from flaws, shakes, vents, &o + ; also by its natural cleavage 
1 other peculiarities* A soft stone of even grain and without distinct beds would 
:orally be selected for carved work, w-liile a hard stone in thin layers, easily separated, 
uhl be well adapted for building guod and economical rubble masonry. 

}rardnf*i„ —The hardness of stone is often of importance, especially if it is to bo 
ijcotei to a considerable amount of wttvr and friction, as in pavements. It is, 
re*ivet, important when the stone is to be used for quoins, dressings, and other 
here it is required to preserve a sharp angle or ** arris.” Hardness combined 
i toughness is also essential m good rood metalling, which should not, however, 
to splinter or to grind readily into dusk It does not follow because a stone 
that it will weather well; many bard stones arc more liable to atmospheric 
than tbn*e of ft softer texture, whose chemical composition is of a more 
ble nature* Rone used for work exposod to the aelion of water should l & hard • 
of dripping water soon wears a wav the surface* B\ocV& kX %\rav& \w 

sa % 
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works are subject to serious injury, tint only from tbo impact of thg Wave* themself*^ 
but from the sand and stones thrown against them by the force of the sea* 

Strength, —The strength of atone should be ascertained if It is to be subjected t*> 
any excessive or unusual stress. Stones in ordinary building works are generally under 
compression, oocoMonally subject to cross strain, but never to direct tension* It ii 
generally laid down that the compression to which a atone should be subjected in » 
structure should not exceed ^ of the crushing weight us found by experiment. 
Practically, however* the compression that comes upon a stone in any ordinary building 
is never sufficient to cause any danger of crashing. The greatest stress that comes upon 
any part of the masonry in St, Piaul'a Cathedral is hardly 14 tons per aq, ft. In 
St. Peter's, Borne, it is about tons per sq* ft. These stresses would be safely her* 
oven by the softer descriptions of stone. The weakest sandstones wilt bear a compression 
of 120 tons per ft., while the resistance of ordinary building stones ranges from 1H 
to 500 tons per sq. ft., and in the case of granites and traps rises as high as 700 or SCO 1 
tons per sq. ft. It is possible, however, in some forms of arches, in retaining walls, and 
m other structures, that a considerable pressure may be concentrated upon orfib 
points, which are liable to bo crushed. 

Weights —The weight of a stone for building has occasionally to be considered In 
marine engineering works it is often advisable to use heavy stones to resist the force of 
the sea* A light stone would bo best adapted for arches, while heavy stones would kJJ 
to the stability of retaining walls* 

Appearance.— The appearance of stone is often a matter of importance, especially la 
the face work of conspicuous buildings. In order that the appearance may be preserved, 
n good weathering stone should of course be selected, free from flaws, cl ay holts, 

All varieties containing much iron should be rejected, or they will be liable to th** 
figureraent from unsightly rust stains caused by the oxidation of the iron under tbo 
tnflueoce of the atmosphere. Stones of blotched or mottled colour should be regard'd 
with suspicion. There is probably a want of uniformity in their chemical eompceittuJk 
which may lead to unequal weathering. 

Position in Quarry. —In order to obtain the best stone that a quarry can furnish, it w 
often important that it should ho taken from a particular stratum. It frequently occur* 
that in the same quarry some beds are good, some inferior, and others almost utterly worth' 
less for building purposes, though they may all bo very similar in appearance- To 
Portland stone as ati example. In the Portland quarries are 4 distinct layers of baihlifir 
stone* Working downwards, the first bed of useful stone that is reached U the True of 
Whitbed Roach—n conglomerate of fossils which withstands the weather capitally. 
Attached to the Roach, and immediately below it, is a thick layer of WMtbed^a fine 
cvemgmined stone, one of the best and most durable building stones in the country; 
then, passing a layer of rubbish, the Bastard-Roach, Kerf, or Curf is reached, md 
attached to it is a substantial layer of Basebed. The Bustard-Roach or Ihisebed-Rttv'J 
and the Basobod are stones very similar in appearance to the True Roach and WlutM; 
but they do not weather well, and are therefore not fitted for outdoor work. Though 
these strata are so different in characteristics, the good stone can hardly be distinguiih'd 
from the other even by the most practised eye* Similar peculiarities exist in otter 
quarries. It is therefore most important to specify that stone from any particular quarry 
should be from the best beds, and then to have it selected for the work in the quarry by 
some experienced and trustworthy man. 

Seasoning. ^Nearly all stone is the better for being seasoned by exposure to the air 
before use. This seasoning gets rid of the moisture, sometimes culled M quarry ejO 
which is to be found in all atone when freshly quarried. But in hot climates it b hjcm- 
times an advantage to retain tho quarry sap, for (1) it makes the stone easier to cut 
and (2) it prevents the moisture from being sucked out of the mortar. Unless this 
moisture (in cold climates) U aWowed live stone Is used, it b acted njvQ 
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n frost, and thw the stone, especially if it be one of the softer varieties, is cracked* or, 
moifetiiziea, disintegrated. The drying process should take place gradually. If heat is 
applied loo quickly, a crust is formed on the surface, while the interior remains damp, 
and subject to the attacks of frost. Some stones, which are comparatively soft when 
quarried, acquire a hard surface upon exposure to the air. 

Ararat Uedf*—All stones in walls, but especially those that are of a laminated 
structure, should be placed “ on their natural bid/ 1 — that its, either in the same position 
in which they were originally deposited in the quarry, or turned upside down, en that 
the layer® are parallel to their original position, but inverted. If they are placed with 
the layers parallel to the face of the wall, the effect of the wet and frost will be to 
scale off I he face layer by layer, and the etone will he rapidly destroyed. In arches, 
such stones should be placed with the natural bed as nearly as possible at rigid angles 
to the thrust upon the stone,—-that is, with the •* groin *' or l&inimn parallel to the centre 
lines of the arch stones, and perpendicular to the face of the arch. In cornices with 
undercut mouldings the natural bed is placed vertically and at light angles to the face, 
f*>r if placed horizontally, layers of the overhanging portion would be liable to drop off. 
There are, in elaborate work, other exceptions to the general rule. It must be re¬ 
membered that the beds are sometimes tilted by upheaval subsequent to their deposition, 
and that it is the original poritiun in which the stone was deposited that must be 
ascertained* The natural bed is easily seen in some descriptions of atone by the jiosi- 
tson of imbedded shells, which were of course originally deposited horizontally* In 
others it can only be traced by thin streaks of vegetable matter, or by traces of launmc, 
which generally show out more distinctly if the stone is wetted. In other cases, again, 
the stone shows no signs of stratification, and the natural bed can not be detected by the 
eye, A good mason can, however, generally till the natural bed of the stone by the 
44 fed m of the grain in working the surface, A stone placed upon its proper mtlurul bid 
is able to bear a rnneb greater compression than if the laminin nre at right angles to the 
bed joints. Fairbaim found by experiment that stones placed with their strata vertical 
bora only f the crushing stress which was undergone by similar stones on their natural 
bed. 

Dwfrudiw Agent *,—The 2 principal classes of agents which destroy stone have 
olitndy been described: they are—ekeurieal agents, consisting of acids, Ac*, in the 
atmosphere; and mechanical agents, such as wind, dust, rain, frost, running water, 
furae of the sea Ac, There are other enemies to the durability of stones, which may bn 
glanced at, viz.—lichens, and worms or molluscs. 

Lichens,—In the country, lichens and other vegetable substances collect and grow 
upon the faces of atones. These are in many cases a protection from the weather, and 
tend to increase the durability of the stone. In the case of limestones, however, the 
icheus sometimes do more harm than good, for they give out carbonic acid, which is 
dissol ved in ruin-water, and then attacks the lime carbonate in the stone. 

Molluscs*—The Phota* deetjfim is u bormg mollusc found in sea-water, which attacks 
imeetone, hard and soft argillaceous sfanlca, clay, and sandstones; but granite lias been 
found to resist it successfully* The animala make a number of vertical holes close 
together, so that they weaken and eventually destroy the stone* By some it is supposed 
that they secrete a corrosive juice, which dissolves the stone; others consider that the 
boring is mechanically done by the tough front of the shell covering the Fhnlaa, These 
animals are generally small, but sometimes attain a length of 3 in.—the softer the rock 
the bigger they become. 

Thn Saxicava is another small mollusc, found in the crevices of rocks and corals, or 
burrowing in limestone, the boles being sometimes t> in. d<*ep. it Iras been known to 
bore the cement stone (clay-ironstone) at Harwich, the Kentish Bug uL Folkestone, and 
fkc Portland stone used at Plymouth Breakwater. 

Examinaluw.—Speaking generally, in comparing <A \\\u 1$$^ 
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porous, moat dense, and strongest, will be the most durable in atmospheres which hurt 
no special tendency to attack the constituent* of the atone. A ixoent fracture^ whm 
examined tlirongh a powerful magnifying glasi, should be bright, clean, and *harp, with 
the grain* well cemented together* A dull, earthy appearauco betokens a atone Idtolj to 
decay, A stone nmy be subjected to various testa, some of which nffbid a oertim 
amount of iuformation a* to its oliamclerktics. An important guide to lha nkdir* 
qualities of different stones is obtained by immersing them tor 24 tumr% and noting fl* 
weight of water they absorb, The best atones fca a rule, nb*t>rb the sum] bint amount '*f 
water: good traps and granites, per cent.; good aaudstoue*, S-10 per cenL; goaf 
limestone*, If* 15 per cent, 

Brard’s Test,—Small pieces of the stone are immersed in a concentrated faifcg 
solution of soda sulphate (Glauber** * dt*), and thou hung up for a few days in the «ir. 
The anlt crystallizes in the pores of tbe atone, sometime* forcing off bits from the comci 
and arriies, and oa'asionnily detaching larger fragments. The stone is weighed bcf.jfo ard 
after submitting it to tbe test, Tho difference of weight gives the amount dctmdjtd hf 
disintegration, The greater tills is, the worse U the quality of the stone. This acta* 
U not similar to that of frost, inasmuch a* water expands in the pores a* it friezes, b*l 
the salt dot * not expand as it crystallizes. 

Acid Teat.—Sinqdy soaking a stone for some days in dilute solutions a n hitting l pt 
cent aulphuuo arid hydrochloric acids, will afford a rough iih a ns to whallat It 
will stand a town atmosphere, A drop or two of acid on the surfnee of the stone will 
create effervesocnoe if a largo proportion of lime or magnesia carbonate is present. 

Smith'* te&t hs useful for any Mono in determining whether it contains tnmdj earth i 
ft mineral matter t asy of solution. Break off a few chipping* about tbe size of » ahillhr 
with a ehisil and a smart blow from a hammer; put them into a ghisa about * full <( 
clear water ; lot them remain undisturbed at least § hour. The water and spcrtnrc&t 
together should then he agitated by giving the glass a circular motion with the haui 
If tlu* stone bo highly crystal me, and the part Idee well cemented together, the 
will remain deaf and transparent; but if tlio specimens ooiitam unoryslnHiaod earthy 
powder, the water will present a turbid or milky appearance to proportion to thcquunhif 
id loose mutter contained tu the stone. The stone should 1>e damp, almost wet, when ffw 
fragments ere chipped off!. 

The durability of a atone to l»e obtained from an old-established quarry may ^nrmllj 
be ascei tallied by examining buildings in the neighbourhood of the quarry in whi h tt* 
stone bus been used. If the stone has good w* at boring qualities, the fna a of the blxk\ 
even in very old building*, will exhibit no sign* of decay ; but, on the contrary, Urn tnub 
uf the tools with which they were worked should ho distinctly risible. Expos'd ciA 
or portion* of old quarries, or detached slonea from tbe quarry, which may l*j lying ebm 
at bn ml, should also be examined, to boo how the stone baa weathered. In both earn 
cure should be token to ascertain from what stratum or bed in the quarry the stones hit* 
been obtained, 

Quarryinti.— In quarrying stone for building purposes, there should be as It tile Hat¬ 
ing as possible, a* it shakes the ttanc, besides causing ootLiddomble waste. Cure ahottU 
be taken to cut the blocks so that they can ho placed m the work with their natural Wi 
at right angles to the pressure that will come upon them. If till* is not attended to, lb* 
block* will ho built in iu a wrong position, cr great waste will be incurred by oom> rtoq 
them. 

Goofijlcai too,—The different kind* of stone used for building and engineering waib 
arc sometimes divided into 3 classes: — (1) siliceous, (2) argillaceous, (3) cwlearvou*; 
according as flint (silica), clay (formerly called M argil© *), or lime carbonate, form# tin 
base or principal constituent. In describing the physical elmructerLstiee of stones, fa 
/*nud iVuf purpose* it is letter to classify them a* follows:—(1) granites and other igmvW 
rovks? {2) sjales and uchUU,^) wulaynw, 
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Granite.— Granite generally contains mote feUpnr than quartz, and mote quarts than 
t tea. The colour of the atone depends upon that of t ho predomiouting ingredient, felspar, 
to 4t emg© granite may he expected to contain £ to * of crystals of quartz or crypt* II too 
[iioxtz; about the same, more or lews of felspar, also partly crystalline and chiefly in 
Infinite crystals ; and ^ of mica. Hut the mica tuny form Jr ^ r , and the quartz £ or 
noie, while the proportion of the febpar, m well as the parlieular eomp^silion of the 
obpnr, l»oth vary extremely. The durability depends upon the quantity of the quartz 
sad the nature of the felspar. If the granite con In ins a large proportion of quartz, it will 
»e hard to work: hut, unh as the felspar is of a b»d description, it will weather well, 
rue felspars that Occur most commonly in gronilc am potash ftlspar {orthoelftse) and a 
hue nod soda felspar (oligorlase), Sometimes Iroth these varictic® are found in the mime 
ifcroe. Of the two, fjolaah felspar U the more liable to decay. Mica is easily decomposed^ 
Mid it i b therefore U source of weakness, If the mica or felspar contain an excess of lime, 

E r. or soda, the granite is li.ddo to decoy. The quantity uf iron, either os oxide or 
combination with sulphur, affects the durability of granite, as well aa of all other stone, 
e iron can gent rally be seen with a g«vxi gluts ; a very short exposure to the air, 
wfwci&lly if n enisled in dry weather by artificial watering (better if 1 per cent, of nitric 
it id be added to the water), ought to expos© this. The bright yellow pyrites crystallized 
n m cubic. d form appear hi do little harm. The white radiated pyrites (niJircfudte), on 
he contrary, decompose quickly. Where the iron stains are large, uneven, and dark 
T'Jonnd, the stone may lie rejected for outside woik, When the discoloration b of a 
miforin light yellow', it is probable that little injury will be done to the stone in a 
nuttoralo time,and unless apptarnuc© is n matter or great i in portu nee, such granite would 
tot 1 m rejected. In red granites, the discoloration from iron does not show no entuly, 
»ut still anIhciently if bad enough to cause rejection. The quality of granite for building 
ur poses depends upon its durability, and upon the tize of the grains. The smaller 
hestf arc, the belter can the granite be worked, and the more evt nly will it wear. In 
siug granite fur oruamental purpose*, the courser-grained stones should I** placed ut a 
:?t-tlicr: from the eye, the finer-grained atones where they can be easily inspected. 
Vifchout attention to this point, wry little better effect is produced than by a stone of 
inform it dour. Granite is quarried either by wedging or by bl tuning. The former 
racra i a gem rally reserved for largo blocks, and the latter for smaller pieces and road 
trial. It is better hi haw the blocks cut to the desired forms iti the quarries ; first 
eimrme it is ta-i« r to square and dres-t tho stone while it contains the moisture uf the 
round ur “qumj-tep’'; alto because the lucid men, being accustomed to the ttone, or© 
ble to drees it better and more economically, and part of the work can be dune by 
laciiiuerj. Moreover, the bulk of the stoius Wing reduced by dressing! the cost of 
iJTinge is saved, without mw-h danger of injuring the arrises in trurmt, as the alone is 
©rr lurd. It is used chiefly tor heavy engineering works, such as bridges, piers, docks, 
^hthouses and break wnlem, win-re weight and durability are required. It is also used 
lolly for parts of structurea exposed to blows or continued wear, such os Dopings of 
ocks paving* Ac, The harder Varieties make capital mad metnh In a granite rnigh- 
eufiuiud the stone is used for ordinary buildings ; but it is generally too expensive in 
rst ©cut, transput, anti working, and is therefor© reserved for ornamental features, atirh 
i puIUh*d columns, pilasters, heavy plinths, Ac. The granular structure and extreme 
ardnesa of granite render it ill adapted for fine carving, and its surface is entirely 
edroyed by the effecls of fire. 

Serpentine^ -Bapratiu© derives its name from the mottled appearance of its surface, 
hfeh is supposed to resemble the skin of a serpent, Fure serpentina is a hydrated 
licute of magtiesii, but it is generally found intermixed with lime carbonate, steatite or 
mf^tone (% mngnenia silicate), or with dialing?, a foliated green variety of hornblende 
id dolomite* The prevailing colour is generally a rich green or red* permeated by veins 
the while steatite, Some varieties have a latsc of olive green, w ith bunds oc 
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of rich brownish red, or bright red, mixed with lighter tints,or olive green, with steatite 
veins of greenish bine; some are rod, studded with crystals of green diallage; some doudsd, 
and some striped. Serpentine is massive or compact in texture, not brittle, easily wurkM, 
and capable of receiving a fine polish. It is so soft that it may bo cut with a knife. Itii 
generally obtained in blocks 2 to 3 ft, long, and it has been found that the air* &nd 
solidity of the blocks increase with their depth from the surface. This stone is gristly 
used in superior buildings for decorative purposes* It is, however, adapted only for iodov 
work, as it does not weather well, especially in smoky atmospheres. The red varirtiw 
weather hotter than those of a greenish hue, ami those especially which contain white 
streaks are not fit for external work. 

Sandt-tone *.—Sandstones consist of quartz grains cemented together by silica. Hot 
carbonate, magnesia carbonate, alumina, iron oxide, or mixtures of these tnbdwtco It 
addition to the quartz grains are often other substances, such ns flakes of mica, fragmenti 
of limestone, argillaceous and carbonaceous matter, interspersed throughout the trail 
As the grain a of quartz are imperishable, the weathering qualities of tho stone depend 
upon tlio nature of the cementing substance, and on its powers of resistance under the 
atmosphere to which it is exposed, Sometimes, however, the grains are of l Line carbonate 
imbedded in a siliceous cement; m this case the grains ore the first to give way end** 
the influence of the weather, Sandstones are found in great variety of colour— white, 
yellow, grey, greenish grey, light brown, brown, red, dark blue, and even black. Thr 
colour is generally caused by the presence of Iron, Thus iron carbonate gives a hi ii kh 
or greyish tint; anhydrous sesqui oxide, a red colour; hydrated eesquioxidea* various bate 
of brown or yellow, sometimes blue and green. In some cases the blue colour is pimilte tl 
by very finely disseminated iron pyrites, and in some by iron phosphate. Sandstones lued 
for building are generally classed practically, according to their physical duuaotenikt I 
“ Liver Rock ** is the term applied, perhaps more in Scotland that in England, to the 
best and most homogeneous stone which comes out in large blocks, undivided by inter* 
•eating vertical and horizontal joints. “ Flagstones 11 are those which have a good natural 
cleavage, and split therefore easily into th© thicknesses appropriate for paving of dif¬ 
ferent kinds. The easy cleavage is generally caused by plates of tain in the Wa 
“ TilcBtcmes n are flags from thin-bedded sandstones. They are split into layers—feme* 
times by standing them on their edges during frost,—and are much used in the North of 
England and in Scotland as a substitute for slates in covering roofs. “Freestone*' si 
term applied to any stone that will work freely or easily with the mallet and chisel—tuck, 
for example, as the softer sandstones, and some of the limestone®, including Bath, Caen, 
Portland, &c. “ Grits ” are coarse-grained, strong, bard sandstones, deriving their naira 

from the u millstone grit " formation in which they are found. These stones are very 
valuable for heavy engineering works, as they can bo obtained in large blocks. 

The recent fracture of a good sandstone, when examined through a powerful magnify* 
iog glass, should be bright clean, and sharp, the grains well cemented together, usd 
tolerably uniform in size. A dull and earthy appearance is the aiguof a stone likely 
to decay. Sandstones may bo subjected to Smiths or to Brard's test. Recent docu¬ 
ments have led to the conclusion that any sandstone weighing less than 130 Ih. per cub, ft 
absorbing more than 5 per cent, of its weight of water in 24 hoar®, and off* muring 
anything but feebly with acid, is likely to be a second-class stone, as regards durability, 
where there is frost or much acid iu the air; and it may be abut said that a first-rU* 
sandstone should hardly do more than cloud ib© water with Smith'* test. It is generally 
considered that the coarse-grained sandstones, such as the millstone grits, ora tb* 
strongest and most durable; but some of the finer-grained varieties are quite strung 
enough for any purpose, and teem to weather better than the others. Perhaps, far 
external purposes, the finer-grained sandstones, laid on their natural bed, are bHter 
than those of coarser grain. In selecting sandstone for undercut work or for carving* 
cum must be taken that the layer* sw tUvcV; \t \* of course important that utouc* 
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shr-uld rest in moat esses on their natural beds. Tbe hardest and best sandstones arc 
VLmvl for important ashlar work ; those of the finest and closest grain for curving; rougher 
qualities for rubble; the well-bedded varieties far flags. Some of the border sand¬ 
stones are used for sets, and also for road metal, but they are inferior to the tougher 
materials, and roads metalled with them are muddy in wet, and very dusty in dry 
weather, 

l4me*tr*M '—The term limestone is applied to nny stone the greater proportion of 
which consists of lime carbonate; hut the members of tin* class differ greatly in chemical 
composition, texture, hardness, and other physical characteristics. Chalk, Portland 
frtone, marble, and severul other varieties of limestone, consist of nearly pore lime car- 
locate, though they are very dissimilar in texture, hardness, and weathering qualities. 
Other limestones, such as the dolomites, oontaiu a very large proportion of magnesia 
carbonate. Sonic contain clay, a large proportion of which converts them into marls, 
and makes them useless for building purposes. Many limestones contain a considerable 
proportion of silica, some iron, ethers bitumen. The lime carbonate in stones of this class 
is, of course, liable to nttock from the carbonic acid dissolved in the moisture of ordinary 
isr, and is in time destroyed by the morn violent acids and vapours generally found in 
the atmosphere of large towns. A great deal de pen sis, therefore, upon the texture of 
the stone. The best weathering limestones are dense, uniform, and homogeneous in 
structure and com posit ion, with fine, even, suedl grains, and crystalline texture. Some 
limestones consist of a mass of fossil*, either entire, or broken up and united by cement¬ 
ing matter. Others are made up of round grains of lime carbonate, generally held 
together by cement of the same material. Many give a preference to limestones an a 
class, on. account of their more general uniformity of tint, their comparatively homo¬ 
geneous structure, and the facility and economy of their conversion to building purposes \ 
imd of this class they prefer those which are most crystalline. Many of the most easily 
worked limestones are very soft when first quarried, but harden upon exposure to tlm 
atmosphere. This is Mid to arise from a slight decomposition taking place, which will 
remove meet of the softer particles and leave the hardest and moat durable to act as a 
protection to the remainder. By others it is attributed to the escape of the 41 quarry 
damp/* The difference in the physical characteristics of limestones leads to their 
classification into marbles, and compact, granular, shelly, and magnesian limestones. 

Practically, the name “ marble rt is given to any limestone which is hard and com¬ 
pact enough to take a fine polish. Borne marbles—such, tor example, as these from 
Devonahiie—will retain their polish indoors, but lose it when exposed to the weather. 
Marble is found in all groat limestone formations. It consists generally of pure lime 
carbonate. The texture, degree of crystallization, hardness, and durability, of tlio 
several varieties differ considerably. Marble can generally bo raised in large blocks. 
The handsomer kinds are too expensive, except for chimney-pieces, table slabs, inlaid 
work, Ac. The less handsome varieties are used tor building in the neighbourhood of 
the quarries. The appearance of the ornamental marbles differs greatly. Some are 
wholly of one colour, others derive their beauty from a mixture ef accidental substances 
—metallic oxides, Ac,, which give them a veined or clouded appearance. Others receive 
a varied and beautiful M figurefrom shells, corals, stems of encriuites, &e. t imbedded 
in them. Marble is used in connection with building chiefly for columns, pi lusters, 
mantelpieces, and tor decoration. Its weight makes it suitable for sea walls, break* 
waters, Ac,* when it is cheaply obtainable, but some varieties are liable to the attacks of 
boring molluscs. In the absence of better material, marble may be used for road metal 
and paving setts, but it is brittle and not adapted to withstand a heavy traffic. Beads 
made with It are greasy in wet weather and dusty when dry. 

Compact Limestones.—Compact limestone consists of lime carbonate either pure or 
in combination with sand or cloy. It la generally devoid of crystalline structure, of a 
dull earthy appearance* and of a dark blue, grey, black* or maUtod \a, mng 
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oases, however, it is crystalline and full of organic remains. It is then properly known 
as a crystalline ItmesfemCL Borne of the Carboniferous limestone® are of the compact 
clows; iilao the LlM limcatoue, width contains a oondderoble amount of cLt, and It 
used for making hydraulic timer also Kentish Rag from the Cretaceous system. Cco- 
pact limestone* are good for building purposes, where their dull colour and the tlifik nlty 
of working them are tmt objections They are useful for paving H*tta and row! imtil 
Under a tight traffic* They weigh 153 to 172 lb, per cub, ft., and al*orb myliltl* 
water, taking up generally less than 1 per cent- by weight tn 24 hours 

Granular Limestone*, —Thef^e casuist of grains of lime carbonate cemented UvreiJsrr 
by the same substance, or by some mixture of lime carbonate with silica of aloiiiii v 
They ore generally found in the Oolitic formation* The grainii vary greatly in *r» : m 
some ernes they are very small and uniform, very few being of a larger mre; when the 
whole of the grains arc somewhat larger, they constitute what are cal led ** fiosbinv* 
the structure resembling that of the roe of a fish; when the grains are as big as pe*Mhi 
■tone* are known as Pisolites, 11 or pea stones* These stones Dearly all contain fc*dl 
shells: in some cases, the shelly matter occurs in larger quantity than the grain*; they 
are then called shelly granular limestones. The colour of these atones U very v*rod>K 
being sometimes white, light yellow, light brown, or on am-eoioured. They ate gw vj ally 
soft and somewhat absorbent; therefore liable in the attacks of acid atmospheres, and U 
frost, but otherwise are fairly durable. The stone is generally obtainable in Ltf£® 
blocks, and it ia often difficult when the stone lira been mm to detect its natural bed 
This may be sometimes done by directing a jet of wafer on the side of the block, sad t 
is well to do this, us it is of great importance with tome of the less durable *urta ihd 
they should be ret upon their natural bed* The weight of this class of stone vtuivi faa 
116 to 151 lb*, the lighter and more nbsoibcDt stones being the loss durable. Ibrff 
absorption of wider in 24 hours is hardly ever leas than 4 per cent* of their wtk'id 
while it is sometime* as much as 12 per cent. This dess affords some of the principal 
building stones of this country* The very fine grained stones may be represent'd if 
Ohllluark * those with larger grains by Portland, Anc&*ter» and Paiuswiek: and tbi» 
with large spherical grains by KettuU and Caetleton; while Balii stone bus large es*;- 
shaped grains. Some of these stones (e* g* certain varieties of Portland) are well 
adapted for outdoor work; others (such as Rath, Caen, Puiuswiek), for mtemd wak. 
Carving, &c.; while some of the harder kinds (Sencombe, Painswick, and ervin® of tl*» 
beds of Gbiltnark and Portland) are adopted for internal staircases where tlitre is m< 
likely to be much wear, 

Shelly Limestones*—There arc 2 cWsee of ibis atone. The first consist* »hir4 
entirely of small shells cemented togi ther, but shows no crystals ou fracture : PtirWkh 
an example* Stones of the second class consist chiefly of shells, bat break with a Uigbly 
crystalline fracture: Hoptan Wood and Nidderdale stones are example** Stone uf tbi* 
class is chiefly used for paving. The weight is about 157-169 lb* per cub. ft, and tln« 
absorption is very small, generally much less than 2 per cent, of the weight. 

Magnesian Limestones*—Magnesian limestones arc composed of lime and magursi* 
carbonate in variable proportions, together with a small quantity of silica, tiriu, md 
alumina. Many lime* lone* contain magnesia carbonate, but tlwteo with less than 11 
per cent do not cornc lata the chits now under consideration* The better vortetir* &f* 
those in which there is at lent*! 40 per cent, of magnesia carbonate, with 4 or 5 par c»nt 
of silica* When the magnesia u prerent in the proportion of l mnh.vu.le of 
carbonate to l of Jims carbonate (he* 51-18 and 45'82), the stone w called a doteHi* 
Prof. Daniel states that the nearer a magnesian limestone approaches dul turtle tn 
composition, the more durable It is likely to be* It is mot merely the nature of the o* 
slitucnts ur limlr mechanical mixture that gives dolomite its good qualities; lhare ^ 
flome peculiarity in the etyutalLzalion which is all-important. Borne peculiar ouinhia** 
Urn tajtes pittcu bcVwcuu VUo ul e^e\\ ; they posses* »>um uiLcftul 







Masonry —Stonework. 


571 


poorer* by which the Invisible or minute-1 particles intermix and unite with eAeh other 
wn in timitidy as to be inseparable by mechanical mentis. On examining with a highly 
magnifying power a aped men of genuine mngnetdan limestone, suck as that of Bolsover 
M-or, it will be found not composed of 2 sorts of crystals, Mime formed of lime carbonate, 
ottors of nuagTicaia carbonate, but the entire muss of stone is mode up of rhomboids, euch 
of which contain* both the earths homogeneously crystallised together. When this is the 
case* tl.e stone m extremely durable. Borne magnesian Limestones contain sami, in 
which csiae their weathering qualities are gjeatly injured; while some are peculiarly 
subject to the attacks of sulphuric acid, which forma a soluble sulphate of magnesia 
easily washed away, 

JVcaerrfit^,—Many processes for preserving stone from decay are successful in the 
laboratory of the chemist; but none is lik*.ly to be of uac in practical execution 
which is not economically applicable on a large scale. Any preservative solution, to 
be of practical value, mu&t be capable of application to the surface to be protected by 
means of a brush* 

One of H e most common methods of preserving the surface of stone is to paint it. 
Tliia i j idedud fin a time, but the paint is destroyed by atmoapberio influence in ibe 
oourw* of a few years. In London the time hardly amounts to 3 yearn, even under 
htcurable eircum* sauces* Morever, it cannot well be Used in important buildings, where 
ftp[H*rn.iice has to be considered* Oil )i.a also beta used sa a coating: it tills the pores 
of ibe stone and keeps nut the air for a time, but it discolours the atone to which it Is 
applied* Paraffin is more lasting than oil* bat 1* open to the same objection ns regsrda 
discoloration of the fatoae. Suft soup dissolved in water (| lb. soap per gab), fallowed by 
a solution of alum (§ lb. alum per gal), bus been frequently employed* Pimifflu dissolved 
in naphtha, 11 lb. | urriflln to 1 gal* coal-tar naphtha, mid applied warm, is perhaps superior 
to the 2 preceding for this purpose. There is, however, no evidence to show that any 
methods such os these ore likely to bo successful in affording permanent pretention to 
•tone. Beeswax dissolved in coal-tar naphtha has also been proposed, or, when the natural 
colour of tilt? stone is to he preserved, white wax dissolved in double diatilli il eamphine* 
Another plan is to melt 2 parts wax in 3 of pure essence of turpentine* The surface 
►hou id he cleaned with water dashed with hydrochloric acid, but should be perfectly dry, 
the k:i] a I ton applied hot and thin* 

There U & large class of preparations whose preservative influences depend upon tho 
presence of soluble silica, which combined with substances contained in, or added to (he 
stone und r treatment* By this means insoluble silicates arc formed, which not only 
prosurve the stone from the attacks of the atmosphere, but also add considerably to its 
liardn Lifts* Unfortunately the use of tbcsj subs tancos sometimes causes efflorescence on 
the face of the Wall to which they are applied. The soluble alkaline stilts left in the 
port* of the stone are drawn to the surface; these crystallise in the form of white powder, 
and disfigure, or in some cases injure, the wall* The soluble silica is sometimes found 
m the natural state* A large proportion may be obtained from the Furnham rock, or 
from the lower chalk bods of Surrey and Hampshire by merely boiling with an alkali £u 
an open Vtt*eL Ordinary silica in the form of flints may be dissolved by digesting with 
caustic soda, or potash, under pressure. If a pitee of porous limestone or chalk bo dipped 
Into thu solution, part of the silica in solution separ ates from the alkali in which it was 
dissolved, and combines with I he lime* forming a hard insoluble lime silicate; part of it 
remains in the pores und becomes hard. 

Kuhlmann*a process consists in coating the mrfaco of atone to bo preserved with a 
dilution of pot^h or soda silicate. The hardening of the surface is duo to the decom¬ 
position of the silicate. If the mate rial operated upon bo a limestone, potash carbonate, 
lime ailicio-earbonate, and silica will be deported ; besides which the carbonic acid in the 
atr rill combine with some of the potash, causing an efflorescence on the surface, whtch 
ftjl ^vetituolly disappear, When applied to lime sul^titAe, 
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which dismtf’grates the* surface, In ofiler to correct the discoloration of stone mob* 
times produced by the application of preservative solutions, Kuhlmaun proposed lhalib# 
surfaces should be coloured. Surfaces that are too light may he darkened by trentmtoi 
with a durable manganese and potash silicate. Those that are too dark may be mad* 
lighter by adding baryta sulphate to the siliceous solutions* By introducing the iron, 
copper, and manganese aulphabfts, be obtained reddish-brown, green, and brown cation, 

IianaoDCte*a indurating solutions consist of soda or potash silicate, and otlriom nr 
barium chloride. The surface of the stone is made thoroughly clean and dry, all dcs*fi4 
parts being cut out and replaced by good. The silicate is then diluted with l to Sj %jU 
of soft water until it is thin enough to ho absorbed by the stone freely* The leas ester 
used the better, so long as the stone is thoroughly penetrated by the solution, flui if 
applied with an ordinary whitewash brush. After say a do$cu brushings oner, lh# 
silicate wilt be found to outer very slowly. When it ceases to go in, hot remains on tbs 
surface glistening, although dry to the touch, it is n sign that the brick or stun? it 
sufficiently charged; the brushing on should just stop short of this appearance. No 
excess must on any account lie allowed to remain upon the face. After the silicate W 
become perfectly dry, the solution of calcium chloride is applied freely (but brushed <* 
lightly without making it froth) so as to be absorbed with the silicate into the etrnctin* 
of the stone* The effect of using these two solutions in succession is that a iloabh 
decomposition takes place, and insoluble lime silicate is formed, which Oils the pore* 
the atone and binds its particles together, thus increasing both its strength mid wcalknir 
qualities. In some eases it may be desirable to repeat the operation, and m the fiat 
fcilicute is white or colon rices, in the second dressing the prepared calcium chloride mf 
lie tinted bo aa to produce a colour harmonising with the natural coluur of the it or 
Before applying this aecond process, the stone should be well washed with rain- wntia tut 
allowed to dry again, Special Cairo must be taken not to allow either of the solution* to 
be splashed upon the wiodoWH or upon painted work, ns they cannot afterfffedl 
removed therefrom. Upon no account use any brush or jet for the calcium that W pre* 
viously been used for the silicate, or vtc<? tw*d. Under ordinary circumstances alien* I 
gal. of each solution will be required for every 100 yd, of surface, but this will dep”*l 
upon the porosity of the material coated. This material liaa been used with sucres* 

*m I y for the preservation of stone from decay, but also to keep out damp. It is applicant* 
both to stone and brick surfaces, as well as to those rendered with cement or IS** 
plaster. 

Szereliney’i atone liquid is stated by Prof, lotted to oe n combination of Kohl* 
liman s process with a temporary wash of tome bituminous substance, The wall U mg 
made perfectly dry and clean, the liquid is applied til 2 or 3 coats with a paintefl* brtaa 
until a slight glaze appears upon the surface. This composition was used with cw 
success in arresting for a time the decay of (be stone in the Mouses of Parliament* Tb* 
xtont liquid is transparent and colourless, but Szerelrouv’a atone paint is opaque end 
different colours, aiul is applied like ordinary paint. 

The petrifying liquid of the Silicate Paint Company is stated in their circuit 
to be a solution of silica, thinned with warm water, and applied to clean wall surfs'**, 
hsch must bo warmed if they are not already dry ; 1 cwt, will cover 120 to INO sq, vd 

Among other processes which have been tried are—Solution of baryta followed by 
solution of ferro-ailicio acid so as to hll tho pores of the stone with an insoluble fern* 
silicate of baryta ; solution of baryta followed by solution of superphosphate of linw? pre- 
during an insoluble lime phosphate and baryta phosphate* Soluble alumina oxulsto 
applied to limestones produces insoluble lime and alumina oxalate. These 3processes7*4 
alluded to all possess the advantage of producing by the changes they undergo within 
the structure of tho stone an insoluble substance, without at the same time giving jCp 
to the formation of any Milublo salt likely to cause efflortmpee, which ne<w*yllj 
fittmda W of piknUue ttiteetet. 
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Eurfag the erection of large buildings, the surface of the masonry built in the earlier 
of liie work is smeared over with a sort of thin mortar, no m to preserve it from 
I4tt>r*pheric influence, and to make it easier to clean down. 

Stonemason** T<wU *—The tools employed by the stonemason arc neither numerous nor 

tatriode* 

The saw employed by the stonemason hns the peculiarity of having no teeth, which 
those used in other trades have. It is made of a long thin plate of steel, having the lower 
•dge dightly jagged, and is hied in a frame. The raw cuts the stone by its own weight, 
ijeing moved backwards and forwards horizontally, Borne stone is of inch a character as 
not to cleave with sufficient degree of certainty into pieces of the desired tdze and shape, 
si to make that process of cutting it advisable. The saw is then utilized. Two men 
usually sit one on either side of block that is being divided, and work the saw a?* above 
mentioned. The operation is facilitated hy allowing water to wash the sand in the saw 
<nt It is done by placing a heap of sharp sand on an inclined plane over the stone, and 
permitting water to trickle through ih In this age of invention and machinery, fur 
wiping marble, and almost nil other materials used by the mason, steam-power is employed, 
which, of course, is fast superseding manual labour, more especially is this the case in 
the making of chimney-pieces. There are, however, some stones which can be sawn 
with facility with a toothed saw worked in a similar manner to the stonemasons* saw. 
(Jay hoe invented an endless band saw, which consists of a steel wire rope putting 
u»t?r 2 pulleys. It not only receives a rapid roturv motion, but also one of twisting 
upon itself in such a way that the strands of steed wire cut their way into the stone, and 
rlr.tr their passage. The work done is said to be 25-30 times that which can he done 
by baud in the same time. 

The mallet is somewhat similar to a dome in contour, excepting the portion at the 
other extremity to that at which the hand is. This portion is rather cylindrical. (See 
Fig; 1285.) The handle is of sufficient length to enable 
the artisan to firmly grasp it, and no more. The mallet 
is, of course, used for striking the chisels and knocking 
stem s into position. The stonemason uses a wooden 
Eu&lkt, because it delivers just the kind of dull blow that 
ii requited. His mallet head is made circular, because his 
tools are steel, and have no wooden handles, and he U able 
to use the whole circumference, and thus prevent the tools 
from wearing holes in the wooden mallet face. The handle 
of tiia mallet is short, because it will strike a sufficiently 
powerful blow without being used at a greet leverage. 

The chisels used by masons are of various sizes, made to meet the divers require¬ 
ment*. Prof. Kankine states that the principal tools employed in the dressing of stone 
are the scrabbling hammer, whose head is pointed at one end like a pick and axe-formed 
at the other, and various chisels, of which one is pointed at the end and f he others fiat, 
and of breadths ranging from 1 to 3 in. or thereabouts. The chisel fi rat referred to is the 
point”; that instrument need not necessarily be pointed at the end, but may have a 
breadth of | in. or thereabouts. This is the smallest description of chisel. Other forms 
are the 11 inch tool,** the w boaster,” and the *' broad tool.” The first is i in. broad, the 
second, 2 in., and the last, 3§ in. The operation of working with the point is called 
" pointing/* and with the boaster, "boasting," Points are usually employed in taking 
stents out of winding, and they are followed by the inch tool. The point, when used, 
leaves the stone in narrow furrows, having rough ridges between them. The inch tool is 
brought to bear upon the stone, end these ridges are cut away, and by the use of the 
boaster the whole is brought to a comparatively smooth surface. In those purls of the 
country where the stone saved by the operation of sawing is not enough to compensate 
far the labour, the operation is altogether performed with mullet end chifpL 
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The other implementi incidental to the stonemason's craft are similar to fiy*J 
employed by bricklayers, and will be found described under that section. 

Laying tUmework .—In constructing walls of stone, several methods are available far 
selection, according to the size and character of the stone to be dealt with. Them all 
be described in progressive order, commencing with the plan adapted to the lowed 
class of material. 



Hough rubble.—In this system, Fig. 1286, unsquared and undressed pieces of stroe 
of all sizes are used indiscriminately, fitted into each other’s broken surfaces as closely 



as possible, with large stones at intervals the full width of the wall, and all held firah 
together by a plentiful use of first-class mortar, so as to make a compact mass when wi 
Very much stronger work can be done by substituting Portland oement for the mortal 
thus forming a kind of coawe concrete* 
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I rubble.—The same class of stone is used, but instead of mixing up the 
ss IndMffiittiihly! piece* of like size are confined to one course, and those of 
lize in fclie next above, and bo on, commencing with the largest and finishing 
ini I lest, bn l adding a final course of larger size on the top. Each course is 
rly en>l uniformly in good mortar, and solidity is given by occasionally laying 
a® ernferttdse an as to form a 41 binder ” or u through, 11 

ied ml*bios, —When the wall is sufficiently thick to admit of it, an economio 
itial film in to combine a lacing of large coursed rubble with a backing of 
uie # m in Fig, 1387 1 « is the rough rubble : i, 44 stretcher?,* 1 2 or stones laid 
itk the wall; c, ^headers,” or stonea lad at right angles to the line of the 
raninbilling to the solidity of the structure. 


IWk iasi. 



work.—Ashlar form a the main feature iti true masonry. The stones ere 
in true courses, and the depth may lie from 12 in, to any available thickness, 
and jointa should always he chisel dreaded; that is, drafted and boasted off, 
i for the facing of the wall are generally 2 ft. 4 hi. to 2 ft, 8 in. long, 12-18 in, 
4J-I0 in, thick, headers being thickest. It is n common practice to ent the 
somewhat tapering form, so that they closely abut only for a short distance 


>ack from the fiioe, the 
is left being filled in with 
d chips. The joints are 
close, or dressed bock 
rare or triangular recess, 
ar masonry set stone and 
nth thin beds of mortar, 
ig the face-work backed 
ibble or bricks, is always 
will not preserve a (rue 
je face either vertically 
tally, owing to unequal 


] m 



l ttoncM ;■ —When unn&u d strength is required* the stones are not only united by 
mortar or eenient, but are further held by joggles, dowels, crumps, and bolls, 
ms of joggle are shown in Figs, 1288, 1289, 1290, where a tenon a on one stone 
to a tu< Ttice h on (he next. Fig, 1291 illustrates'the operation of dowel! mg. in 

2 stones n h are joined by the dowel c let into grooves cut in the face of the 
lining by crumps is shown in Fig 3292, a b beinjr the 2 stones as before, and c the 
> dropped tnto holes cut fop it* rraeptfam. The operation of souring railings 
y l ading is repToatn ted ju Fig. 1298. When tha uppvt nfAua 
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Barries the railing*, the bar a stands in a dovetailed hole in the stone i, and k 
surrounded at foot by molten lead c poured in up to the top. But when the iaQ is to bo 
fixed to the side of a stone, the bar d is bent so as to go to the end of the bide, sod is 
order to fix it with the lead e, a bay of clay/is made to support the lead while it remiss 
in a molten state, the clay being knocked away and the lead dressed flush when tthcoii 
Walls .—In building stone walls, the same care is needed with regard to breskiig 
joint as in brick walls. Footings should be done with the largest stones available, tad 
the sise may decrease with the rising oonrses; but all stones in one course should be of 
the same thickness. The arrangement of the stones in the oonrses will depend upas 
their shapes and sizes. Fig. 1294 illustrates an arrangement where the long stones a an 


1 94. 130ft 



equal to the full width of the wall, alternating with the short ones b. In Fig. 1295 tht 
long stones a require the addition of the short ones b to make the full width. In Fig. 1294 
the long stones a are alternately used as headers and stretchers, the small ones b fill®* 
up the intervals. In Fig. 1297 there are no small stones, the spaces between the hip 
ones a being filled with broken pieces or grouted rubble b. In u setting off n stone walk 
there should not be a difference of more than 3 or 4 in. between succeeding count* 


129*. 1299. 



Enclosing walls of stone, if of no great height, are often built diy, L e. without aij 
mortar. There is frequently in stone walls a slope or “batter” on both sides amounting 
to Impart of breadth of base to 6 of height, either carried gradually up or with offish 
Bubble walls have generally tatih ilfoa thickness being of ttt 
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it. Superior **11* ore commonly provided with a coping at the top. to throw off 
ret. This may have either a stogie slope to one side u» in Fig, 1298, or to both sides 
Fig. 1299, the throating a in either cane causing the water to drip away from the 
Precis!y the aome pUn is adopted with window sills, 
brickwork,—A roost important element in nearly nil structures of a permanent 
vt i= the ordinary building brick used in the formation of house walla, ft consists 
tlure of day and other earths, formed in moulds, and burned hard; numbers of 
are laid in courses ami held together by means of a lime cement known m mortar. 
\r*rk %.—The art of making and burning bricks does not emua within the range of 
Ptisan who employs them, and need not be described here. Bricks may be divided 
3 classes i—(1) “ Cutters Tf or “ rubbers*’* i. e, bricks intended to be cut or nibbed to 
? shape different from thnt in which they were originally moulded. (2) Ordinary 
Its, intended to be used without cutting except where required to form the hntid; 
beat of these are selected for fronts, and are termed facing bricks ; specially hard 
?ties ar^ used for coping, also fur paving, quoins, anti other positions where they will 
ibiroled to unusual wear. (3) Under-burnt and misshapen bricks, only fit for inside 
l Of each of these classes there are in most brickfields several varieties, vary ing in 
rty according to rircumshmces, Their general characteristics are its fullow, 
hitters or rubbers are purposely made sufficiently soft to be cut approximately to 
ihnpc required with a trowel, and then rubbed to a smooth fac^ and to an accurate 
p. To ensure this, they are made of washed earth carefully freed from lumps of nil 
?. and uniform m composition throughout Us muss. The best rubbers ure burnt to 
at Hi tie abort of vitrification. Inferior kiln Is are often stinted in firing; the cohesion 
t.-en the particle* is small, mid they are easily destroy. d by rain or frost. For the 
of durability, U is better to avoid rubbers in all exposed work, and to use ** purpose* 

' " bricks moulded to the shape required aud thoroughly well burnt. This is often 
in good wnrk. 

rdinary building bricks include the bulk of those required for building. The 
ties And character utica of tb< se vary, not only in different localities, but also in fho 
brickyard. Such bricks am mud« eilher from washed earih or malm, from partly 
ed earth, or from earth which has merely been tempered, not Washed at alb They 
d be bard and well shaped, those most uniform in colour being selected for facing, 
he whole of the remainder being lit to use for good t-ouud work- 
nder-btirnt bricks ere generally known as “ grizzle or “ place " bricks, in soma 
sty" samel * bricks. They are always soft inside, and sometimes outside also, are 
liable to decay, and unfit for good work. They are, however, often used for the 
e of walla. 

"he name* given to different classes of bricks vary in different districts, and even in 
not brickfields of the same district. The subjoined list of names for damp-burnt 
n ni:>y !>- tiken as a spi cimen, with the relative prices per 1000, The bricks urn 
led generally into 3 classes— “ malm*/’ ** washed, 1 ' and # * common ’'—according to 
mmner in which the earth for them is prepared, For the third or common dint* the 
i is not washed at atL All 3 classes are moulded and burned in exactly the same 
oof, and arc then further sorted into a number of varieties according to the manner 
tiich tli r y have hevn affected by the fin*. 

'Ins classes am subdivided as followscutters, 11 Or,; best seconds, 85s.; 
i ditto, 75t, f pale ditto, 45#.; brown facing paviore, 55s,; bard paviors, 50a.; 
xrs, 37?, 6d. t 48?,: bright stocks, 50s.; gmrie, 38?,; place, H5i. ( Washed) bright 
a* 60?,; btocka, 45#.; shippers, 48?.; hard stocks, 42*.; grizzles, 30?,; place, 34i. 
naoa) shippers, 48?.; stocks, 44e.; grizzles, 3G?,; rough stocks, 35?.; place, 33?, 
utters have already been described. Seconds are similar to cutters, but with some 
t unevenness of colour. Facing paviors are hard-burned msVmWvuV&nt 
scion j uxt l for foil} * superior walls. Bright fronts ara the 
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from “ washed n earth* Hard paviors are rather more burned* and slightly blemished is 
colour i used for superior paving, coping, Ac. Shippers are sound, hard-burned brit^i* 
not quite perfect in form; chiefly exported, ships taking them aa ballast Stock* *» 
hard-burned bricks, fairly sound, but more blemished than shippers; used far tb* 
principal mass of ordinary p^l work* Hard stocks are over-burnt bric-kt. found, 'd 
considerably blemished both in form and colour; used for ordinary jiving*, for footiTi% 
and in the body of thick walls. Grizzle and place bricks are under-burnt, very *i«k 
and 2 out of 5 M common H or unwashed place brick* are allowed to be bats, the 
left in the unwashed earth making them very liable to breakage. The*? vwe Iwt* 
mentioned descriptions are only iwtd for ioferior or temporary work, and are corauwnlf 
covered with cement rendering to protect them from the weather when intendtd ta U 
permanent Chuffs are bricks upon which min has fallen while they were but, making 
them full of crack*, mid perfectly useless. Burrs are lumps of bricks vitrified and nn 
together; used for rough walling, artificial rock-work, Ac. Bats are broken bricks. Of 
these varieties, those from ** common " or unwashed clay are hardly ever quite p^rfvet f* 
form, on account of the stones left in the earth, which make them shrink im equal If, 
become distorted in burning. Bricks from washed " clay suffer in the ^mie v*j to • 
less degree. 

Kiln-burnt bricks are generally pretty equally burnt, and are classed chiefly 
according to the process by which they are made* 

Bricks used in ordinary buildings generally are, or should be, the best that a re m»U 
in the neighbourhood. Some descriptions of bricks, however, are universally kuovn, 
and are used even outside the locality in which they are made, either for special pnrpcse* 
or in buildings of such impurtunca as to justify incurring the expense of carriage. 

Good building brick should be sound, free from cracks and flaws, also faun btmr% 
or lumps of any kind. Lumps of lime, however small, ore specially dangerous; 1h*f 
slake when the brick is expired to moisture, and split it to pieces. A small proportion 
of lime finely divided and disseminated throughout the man is an advantage, w it 
affords the flux necessary For the proper vitrification of the brick. In examining a bfiL 
lumps of any kind should be regarded with suspicion, nud tested. In order to tm*i* 
good brickwork, the bricks must be regular in shape and uniform in size* Their nmw* 
(edges) should be square, straight, and sharply defined. Their surfaces should fae*M, 
not hollow ; not too smooth, or the mortar will not adhere to them. The proportion <f 
water that a brick will absorb is a very good indication of its quality. Xnsoffiefod' 
burnt brick* absorb a large proportion* nod are sure to dec ( y in a short time* It * 
generally stated in books that a good brick should not absorb more than T ' T of its wri jU 
of water. The absorption of average bricks is, however, generally about J of thrir 
weight, and it is only very highly vitrified bricks that inks up so little as T \ nr *':■ 
Good bricks should bo bard, and burnt so thoroughly that there is incipient vitrifirottei 
all through. This may be seen by examining a fractured surface, or the surface ni'y T * 
tested with a knife, which will make hardly any impression upon it unless the hrirk 1* 
under-burnt. A brick thoroughly burnt and Bound will give out a ringing not* *!•* 
struck against another, A dull noise indicates a soft or shaky brick. A well-Lord 
brick will bo very hard, and possess great power of resistance to compression, A nwh 
first-class rubber will not be easily scored by a knife even in the centre, and the Ifopf 
will make no impression upon it. Such a brick will be of uniform texture, etunjavk 
regular in colour and size, free from flaws of any description. It is cosy to dUtioguUi 
el amp-burnt, kiln-burnt, and machine-made bricks, In clamp-bumt bricks, the t?w*i 
of the breeze mixed with the clay can generally be seen* Kiln-burnt brinks very 
have light and dark stripes upon their sides, enured by their being arranged vhtk 
burning with intervals between them. Where the brick is caponed, it is burnt fa r Ti:'t 
colour; where it rests upon or against other bricks, it is dark. In smite caw* t*tf »# 
i&koh to prevent this* and the Wat \itw3u* wi» wt wsifaeta colour. Mncha* 
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made bricks may generally easily be distinguished, if wire-eut, by the marks of the 
urine*; if muolded, by the peculiar form of the mould, letters on the surface, &c, t or 
sometimes by having a frog on both sides. In many eases the marks made by pronged 
fork.*, used for parking the brick% may be seen on their aides. 

Before IS39 a duty was paid upon bricks; their stee was then practically fixed by 
t of Parliament, and it has since remained materially unaltered. Ordinary bricks in 
neighbourhood of London arc about 8g in. long, 4| in, wide, and 21 in, thick, and 
weigh about 7 lb, each. In different parti of the country, the hize and weight vary 
alight! y ; in the north of England and iti Scotland tlicy are larger and heavier, A very 
targe brick is inconvenient for an ordinary man to grasp, and a heavy brick fatigues the 
bricklayer* who hna to lift it when wet and lay it with one hand. In order to obtain 

E *1 brickwork, it is important that the length of each brick should just exceed twice 
breadth by the thickness of a mortar joint. 

The best method of testing bricks is to see if they ring when struck together; to 
ascertain the hardness by throwing them on to the ground* or by striking them against 
bricks. The fractured surface should also be examined in order to ascertain if it 
exhibits the characteristics mentioned. Braid's test is sometimes used for bricks* but Is 
Ti'jt of much practical benefit. The amount of water absorbed by bricks is to a certain 
tent an indication of their quality, find their resistance to compression, either singly or 
when built into brickwork, will show whether they are strong enough for the purpose 
required. 

Terracotta. —Blocks of terracotta aro now being frequently used in placo of bricks* 
y for the facing of buildings. The blocks should be so shaped as to form a good 
bond with the brickwork, or whatever material is used for the lacking. They aiv usually 
le 12-18 in, long, G-15 in. high, and in. thick on the bed. These dimensions 
suitable for bonding into brick backing. When the blocks are of the thicknesses 
ve mentioned, the joints tire made square and Uiisli ns in ordinary ashlar work. In 
le cases, however, the blocks are made IJ in. and in. thick alternately. A M lip 
tV 1 os shown in Fig, 1300, is then employed. This plan, however, fa not often adopted. 




does it afford fetich substantial work its the other. The mortar joints tuny bo 
relied as in Fig, 1301. Snob joints throw off the water, prevent the terracotta from 
thing, anil relieve the face of the work better than if the joinla were full anti Hush 
h the surface of the block*. 

The advantage;* of terracotta are as follows (I) If properly burnt* it is unaffected 
the atmosphere, or bv acid fumeaCKf any description. (2) If solid, it weighs 322 lb, 
fl. Cube; but if hollow, as generally used, it weighs only (SO—TO lb. per ft* cube, of 
the weight of the lightest building stanes. (3) Its resistance, when «olid, to com- 
ia ntirly £ greater than that of Portland stone. (4) Page (amid by experiment 
it lost in, in thickness, while York stone lost f in, with the same umount of 
ion. It hs therefore, W f el] adapted for floors. (fi) It U cheaper in London than the better 
prions of building stone. It is so easily moulded into any shape, that for intricate 
. such ha carvings, &4\, it is only half the cost of istano. On the other hand, terra* 
fc.tta fa subject to unequal shrinkage in burning, which sometimes causes the pieces to 
be twisted. When this is the case, great rare must be taken in fixing the blocks, cAtwa- 

*L v 1 
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wise the long lines of a building, such as those of the fitring-eonrsefl or comic*©, which 
are intended to lie straight, are apt to be uneven, and the faces of blocks lire often “fa 
winding/* Twisted nod warped blocks uro sometimes set right by chiselling, hut tl.ti 
should he avoided, far if the vitrified akin on the surface be rumored, the material rill net 
be able to withstand the attack* of the atmosphere, Ac. Term col tn fa made in arvcral 
colours* depending chiefly upon the amount of heat it has gone through* White, pit- 
grey, pele-yeUow, or straw-colour, indicate a want of firing. Rich yellow, pink, aia! 
buff varieties are generally well burnt, A green hue is a sign of absorption moist>irr* 
and of bad material. A glazed surface can be given to terracotta if required. Inferior 
terracotta is sometimes made by overlaying a to© rsdy-pre pared common body with » 
thin coating of a finer and more expensive clay. Unless these bodies hare been tv>t 
Ciirefully tested and assimilated in their contraction and expansion* they are sure h* 
course of time to destroy one another; that is* the Inequality in Ihiir shrinkage »iH 
cnu>e hair cracks in the fine outer skin* which will inevitably retain moisture, and ram* 
the surface layer to drop off in scales after whiter frosts. Another very reprehensible 
custom fa that of coating over the clay, just before it goes Into the kiln* with a thin ^ 
of some oebreish paint, mixed with finely ground clay, which produces a sort of artiicfal 
bloom* very pretty looking fur the first year or two after the work is executed* but tm 
to wear off before long. 

Lime,—“ Rich ” or * l fat** limes are those calcined from pure, or very nearly pure, lit»» 
carbonate, not con tain itig sufficient foreign constituents to have any appreciable t-ifr-t 
upon either the slaking or setting actions. The ml ability and want of setting patter if 
fat lime render it unsuitable for making mortar, except for the walls of ovt-bousc* and 
for other similar positions. It is nevertheless frequently used for the mortar in structure 
of a much more imposing character. It is* however, letter than hydraulic lime* tea 
sanitary purposes (being purer)* and fa very useful for plastering and for white* 
washing. It is also extensively employed in the manufacture of srtiffafa! bydnumf 
limes and cements. Fat lime requires to be mixed with a great deal of sand to pemvat 
excessive shrinkage, but this addition does not materially injure it, as it attain* no 
strength worth mentioning under any circumstances, The only setting that takes pi** 
in it fa the formalfan of » thin surface crust* bearing a small proportion to lbs wink 
bulk ; mortar made from ttieh lime may therefor© bo left and re-worked reptutoHy 
without injury, Some of the lime which finds its way into the London marke t, uukr 
the assumed names of Dorking, Hailing, and Merstlinm, is merely fat lime tinged with 
iron sufficiently to give it the buff ardour characteristic of the hydraulic lime mod* out 
of tli© grey chalk from these localities. Of course, tlifa stained lime makes matter 
the same inferior description as would be obtained from o common fat white lime, *td 
has no hydraulic properties whatever, 

M Poor’* limed are those containing 60-90 per cent of lime carbonate* together *tt L i 
useless inert impurities* such m sand* which have no chemical action whatever up a 
the lime* and therefor© do not impart to it any degree of hydmulicity* These limes 
slake sluggishly and imperfectly, the action only commences after an interval h » 
few minutes to more than an hour after they ur© wetted, leas water fa required for 
the process, and it is attended with less heat and increase of volume than in fa** 
ease of the fat limes. If they contain a largo proportion of impurities, or if they sn» 
over-burnt, they cannot he depended upon to slake perfectly unless first redo* c 4 to 
powder. The resulting slaked lime is seldom completely pulverized—is only partially 
soluble in water* leaving a residue composed of the useless impuritiea* and without 
cmiufateiice. The past© formed from the staked lime fa more incoherent, ami shrbil* 
less in drying, but behaves in other respects like that mode from fat lime—m fart it 
fa like a fat lime mortar containing a certain proportion of sand. Mortar mud© fr"tn 
poor lime fa less economical than that from fat lime* owing to the former f&ciwifaf 
less in silking, bearing Wsa nawi (;*a \\mfe *Xvv&j contains some a* the frina of 
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Impurities), and requiring a more troublesome manipulation than the latter. It is in 
no wuy superior as regards setting, and should therefore only bo used when no better 

can be bad. 

M Hydraulic" limes are those containing, after calcination, enough quicklime to 
develop snore or less the linking action, together with sufficient of such foreign con- 
ftituents ns combine chemically with lime and water to confer an appreciable power 
of setting without drying or access of air. Their powers of Betting vary considerably. 
The best of the class set and attain their full strength when kept immersed in water. 
They are produced by the moderate calcination of stones containing 73-92 per cent, of 
calcium carbonate, combined with a mixture of foreign constituents of a nature to 
produce hydraulic*ty. Different substances have this effect, but in the great majority of 
natural hydraulic limes commonly used fur making mortar, the constituent which eonfero 
hydraiilicity is clay. In some varieties; a portion of the lime carbonate is replaced by 
magnesia carbonate, which increases the rapidity of setting, and adds to the ultimate 
strength of the mortar. The phenomena connected with (Jig slaking of limes vary 
greatly according to their composition. With none is it so violent as with the pure 
time carbonate, and the more clay the limes contain tho less energy do they display, 
until we arrive at those containing as much as 30 per cent, of clay, when hardly 
sny effect at all is produced by wetting the calcined lime, unless it is first ground to 
powder. The setting properties of hydraulic lime also differ very considerably in 
proportion to the amount they contain of tho day or other constituent, which gives 
the lime its power of setting without drying or the access of air. 

Artificial hydraulic lime may bo made by moderately calcining an intimate 
mixture of fat lime with as much day as trill give the mixture a composition like that 
of a gMl natural hydraulic limestone, of which the product should be a successful 
imitation. A soft material like chalk may be ground and mixed with the clay in tho 
row state. Compact limestone, on the other band, is more commonly burnt and slaked 
m the tirat instance (as being the most economical way of reducing it to powder), then 
mixed with the clay and burnt a second time. Lime so tre ated is called ■* twice kilned 11 
lime. The mixture may be made by violently agitating the mate rials together in water by 
machinery, or by grinding them together in a dry state. afterwards adding water to form 
them into a paste. Tim paste in either case is moulded into bricks, which are dried, 
calcined, and otherwise treated like ordinary lime. Artificial hydraulic limes arc not 
much manufactured or used in this country. 

Sand .—Sand is known us "argillaceous," 41 siliceous/ 1 or w calcar ecus, tT according to 
its composition. It is procured from pits, river-shores, sea-shorts, or by grinding sand¬ 
stones : and ia chiefly used for mortar concrete and plaster. Pit Band has an angular 
grain, and a porous, rough surface, which mokes it good for mortar, hut it often contains 
clay ami similar imparities. River sand is not so sharp or angular in its grit, the 
grains having been rounded and polished by attrition; it is fine and while, and 
therefore suited for plastering. Sea sand also is deficient in sharpness and grit from the 
same cause; it contains alkaline salt?, which attract moisture. When sand contains 
lumps or stones it should be ** screened, 1 * or, if required of great fineness, passed 
through a sieve. Sand fount! to contain impurities, such as clay, lmiu, Ac. t which unfit 
it for almost every purpose, should be washed by being well stirred in a wooden trough, 
haring a current of water flowing through it, which carrier off the impurities. It is 
KmetimCB washed by machinery, such as an Archimedean screw revolving ami carrying 
up the sand, while a stream of water flows down through it. Clean sand should leave 
m stain when rubbed between the rnoiat hands, Salts can bo detected by the taste, and 
the size and sharpness of the gruius can he judged of by the eye. 

Substitutes,—Burnt clay U sometimes need us a substitute for sand In mortar. It ia 
prepared by piling moistened clay over a bonfire of coals and wood. As tho clcvv 
become? burnt and the Sre brooks through, fresh lay era ol e\v\y w\ vs 
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mbt** are piled ©n, and the heap may he kept taming until a sufficient supply L«a t»a 
otuirxd. The clay should be atiffi Care mud be taken that it U thoroughly Vmx 
Ka« or t«if-burnt pieces would seriously injure mortar. Sand ta sometime nsf 
©cue* 'ideally obtained by grinding the refuse m spall 4 ** left after wot king ?» m** h 
v«llaig. It h generally elmti if carefully collected, but the sharpness of its grit tVpe^ii { 
u|m4& the nature of the eh me from which it is procured. Soorin from iron works, ds* 
6r«a furnaces, clinker from brick kilns, and cinders from eo«j, make capital ftiMiui* 
Ibr saud when they nru quite clean and properly used. Wod cinders are too alLdint 
.Worior. ^Ordinary mortar is composed of lime and sand mixed into a putc 
water* Wbon cement is substituted for the lime, tho mix turn m called cement nwrur 
The use of mortar in brickwork or masonry is to bind together the bricks or fit to t» 
afford them a soft resting-place, which prevents their inequalities from bearing tipcat 
another, and thus to cause an equal distribution of pressure over the Ijeds. It id da 
used in concrete as u matrix for broken stones or other bodies to be ajnal^tuuat«d fc* 
one solid muss; for plastering, and other purposes. The quality of mortar depend* vpn 
the description of materials use*! in its manufacture, their treatment, proportions, iri 
method of mixing. 

Fat limes should only be allowed for inferior or temporary work. Ow wwa* 
of their being cheap and easy to manipulate, they are often used in positions for *tr. 
they are entirely unfit. Mortar made from fnt Irme is not suitable for damp «it»tiro 
nor for thick walls. In either case it remainsconstantly moist; when placed in 
where it is able to dry it becomes friable, and in any case u mirerubly weak. Erea tfc 
economy of fat hum mortar is in many coses doubtful ; for walls built with it ore in/tri 
by frost* require constant repainting, and perhaps before irrnuy year® rebuilding ^ ^ 
►ay® of fat limes that their Use ought for ever to be prohibited, at h ast ir» works <4 as* 
importance, Fasley adds with regard to fat lime mortar that when wot it is a pulf ■ t 
:****% and when dry it is & little better than dust If a pure or feebly hydmalic la* 
woffW U used in massive brickwork or masonry, it is only the outer edges of tb>*>«^> 
that are affected by the carbonic odd in the air. A small ports on of the exterior of 6* 
juata seta, but the mortar in the inside of the wall remains soft The result of th* k 
ib at a heavy pressure is thrown upon tho outer edges of the bricks or stones, au»l k/* 
tavcw fc * flushed," that is, chipped off. In some cast's, from the tame oouac, the Uob*i 
id brickwork are broken, so that tho the© of the wall become® detached, and liable t> hi 
Again, those weak mortars retain or imbibe moisture, which, when it frwas. 
dawn off the outer emit Pointing is then resorted to. If this is dorm with the m» 
wet «f mortar, tho same result ensues, and in an aggravated degree, for ns tho op imP* 

«. reputed, the joint becomes wider. In the end it will often be found that more ho# hw 
. v>. >kxl in patching up work done with bad mortar than would have sufficed to preriA 
pi*l saertor at the first. 

Hydraulic lime or cement should* therefore, always be used In mortar for work rf ut 
^pottanra. In subaqueous oonstruotions it is, of course, absolutely necessary. U tor- 
* *ay the class of hydraulic limo used will depend upon tho situation and note* 

mi 1 tW work to be done. For ordinary buildings, not very much expos&h tfeiir 
*1- Itmi'x? times will suffice to form a moderately strong joint, and to withstand tk 
a a , rvr For damp situations, such as foundations in moist earth. m more powtrid 
>n*d lime should bo prepared. For masonry under water an eminently hydrvAr 

. f ovment mortar will be necessary. If the work be required to set very quick*. 

v ***-u cwment, or a cement of that clues, would be used: whereas, if quick setting k 
. ysxx v but great ultimate sireugth is required, a heavy Portland cement 
tv ak yte L 

Nfc, ... in mortar to save expense and to prevent excessive slumkage. Ordiotft 

. Ji Ki in any way cVemkakYj x*^v\jy but are simply in * *t& 

1W J tiLiiture W\U\ U-, w vtb VsATW^vsX’ansa ^ x ^ ^ » 
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i the mnrtor, When fat lime is used, however, the porous structure, caused by 
. enables the carbonic acid of the air to penetrate further, and to act upon a 
irtinn of the joint* Moreover, the particles of fat lime adhere tatter to the 
£>f the grains of Band than they do to one another: therefore the sand is in 
source of strength in fat lime mortar. It is of the utmost importance that the 
l for mortar should be perfectly clean, free from clay or other impurities which 
eut the lime from adhering to it* Sand for this purpose should have a sharp 
grit, the grains not king rounded, their surfaces should not be polished, but 
that the lime may adhere to them* It baa been found that, speaking generally, 
ftbe grain# of sand does not influence the strength of the mortar. Experiments 
how that it* samples 4 weeks old, Portland cement inurlar made with duo sand 
ter than that made with cofirse sand. Very flue sand is objectionable tor fat 
Lor* nail prevents the air from penetrating, whieh is nfieeaaury in order that the 
lay set. Although coarse im*gular-gn*in«*l sand may make the best mortar, 

I is sometimes necessary when very thin joints are used. Calcareous sands, on 
\ give stronger mortars than siliceous ones. Sea sand contains salts, which are 
Ltmcting moisture, to cause permanent damp and efflorescence. This moisture 
tuully prevent u fat lime from sotting, or rnther drying, but would tend In 
the strength of a hydraulic lime or cement. Great care must ta taken to 

II organic animal matter from the *and, or substitutes for sand, that may be used 
for building or plastering the walls of dwellings, otherwise they will putrefy, 

er the walls and ceilings sources of unwholesome emanations, 
rater used for mixing mortar should be free from mud, clay, or other impurities, 
r U objectionable in some situations, ivs it causes damp and efflorescence. The 
ontfttns attract moisture, which improve the strength of hydraulic limes and 
yf preventing them from drying too quickly, hut is tend to a pure lime for the 
iven above. Dirty water, and water containing orgaute matter, arc of course 
it do tor the same realms as dirty sued, 

is much more expensive than amid. It is, therefore, a source of economy to add 
sand as is possible without unduly deteriorating the strength of tin? mortar 
ls the joints of masonry or brickwork are weaker than the stones or bricks, the 
of the wall will increase in proper Lion as the strength of the mortar i tic reuses, 
y are nearly equal In power or resistance. The mortar need not lie quite rqual 
th to the bricks, because in a bonded wall the fracture is constrained to follow 


jiath than when the work is put together without breaking joint. The object, 
o produce sucli an equality of resistance as will compel the fracture to follow 
it line, ie, to break the material of the wall straight across rather than to 
e joints. This cannot always be done, with a due regard to economy, whore 
U built with very hard stone, but it can be douo with the generality of bricks, 
caeca a stronger mortar, no doubt, adds to the strength of the wait For 
when the bricks arc very bad, they will sometimes weather out on the face, 
i honeycomb of mortar joints, Again, unusually strong mortar is required 
h for the voussuirs of arches—to prevent sliding —tor tlio lower joints of 
i and walls, &e. As n rule, however, it can hardly be economical to make the 
of the mortar joints greater than that of the bricks or stones they unite, 
iaideriug the proportion of sand to be mixed with different limes and cements 
&ary to hear m mind that the strength of the joint formed by the rnoi tar will 
influence upon that of the wall. The proportion of the ingredients in moriar 
Uy specified thus :— I quicklime to 2 (or more) of sand, meaning that 1 measure 
Une in lump is to be mixed with 2 measures (or more) of sand. The quantities 
ut at different times into a measure vary a little, according to the amount of 
the material contuins ; but so little that practically it makes no difference, atid 
e of measuring «and is very convenient and Bufttatentty W 
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lime, however, many conditions have to be fulfilled in order to make it certec 
same quantity always fills the same measure. The specific gravity of tb ^ 
stone, the size of the lumps, the nature of the burning, the freshnoM of ft ^ 
cause the actual quantity contained in a given measure to differ considerably. - 
to avoid this uncertainty, it has been proposed that the weight of lime £ 
quantity of sand should be specified. Practically, however, this has noth ^ 
out to any great extent, and the bulk of lime to be used is generally specified 
that of the sand. The following proportions are given by General Scott fo ^ 
brickwork built with ordinary London stock bricks. 

Part* by Measure. 

Quicklime. Sand. 


Fat limes. 

Feebly hydraulic limes 
Hydraulic limes (such ob Lias) 

Roman cement. 

Medina „ . 

Atkinson’s,, . 

Portland „ . 

. Scott’s „ . 


i 


The proportions here recommended apply only to works above the I 
ground, or free from the action of a body of water. For hydraulic pozpoH 
tions, 1 sand to 1 quicklime is os much as should be admitted. With ec 
2 Band may be used with 1 cement, unless actually in contact with water, % ( 
of saud should be the limit allowed. 

The quicklime and sand having been procured, and their proportions d ( 
preparation of the ingredients commences. A convenient quantity of theq 
measured out on to a wooden or stone floor under cover, and water enough 
is sprinkled over it. Tlie heap of lime is then covered over with the exact 
sand required to be mixed with the mortur; this keeps in the heat and mr 
renders the slaking more rapid and thorough. In a short time—varying a 
the nature of the lime—it will be thorough)} slaked to a dry powder. In 
limes, however, there will be found over-burnt refractory particles, and them 
carefully removed by screening—especially in the case of hydraulic limes; 
get into the mortar and aro used, they may slake at some future time, ai 
expansion destroy the work. The fat limes may be slaked in any oonvenie 
whether required for immediate use or not. Plenty of water may be nsec 
without fear of injuring them, and tin / will be found ready for use in 2 
Hydraulic limes should be left (after being wetted and covered np) for a pe- 
from 12 to 48 hours, according to the extent of the hydraulic properties tliey ■ 
greater these are, the longer they will be in slaking. Caro should be take 
too much water, as it absorbs the heat and checks the slaking process. O 
should be slaked at once as can be worked off within the next 8 or 10 • 
strong hydraulic limes, or with others that arc known to contain over-burnt 
is advisable to slake the lime separately, aud to screen out all dangerou* 
before adding the sand; or the safest plan is to have the lime ground bei 
When lime is purchased ready ground, there is sometimes danger of its ha 
“ air-slaked," by which, weur und tear of machinery in grinding is saved at 
of loss of energy on the* part of the lime. At tho same time, if unadulteiab i 
ground lime is likely to be of good quality. The quantity of water require i 
varies with the pureness und freshness of the lime, and is generally betwer 
its bulk. A pure lime requires more water than one with hydraulic pro 
evolves more heat and expands more in slaking. A recently-burnt lime r 
wafer than one that has been allowed to got stale. 
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The great object in railing fa to thoroughly incorporate the ingredients, so that no 
2 groin? of dry Band should lie together without at* intervening layer or film of lime or 
cement. On extensive works, a mortar-mill is universally adopted for mixing the 
fngrediroto, and, indeed, is absolutely neoeHsury for the intimate incorporation of large 
quantities. The heap of slaked liine covered with Band fa roughly turned over and 
el ell id into the revolving pan of the mortar-mill, enough water being added to bring 
the mixture to the consistency of thick honey. When the ingredients are thoroughly 
mixed anil ground together, the mortar is shovelled out of the pan on to a * banker " or 
platform to keep it horn the dirty ground, whence it is taken away by the labourers in 
tlieir hods. A good deal has been said regarding the number of revolutions that should 
be given to the pan. Nothing ueetus to have been settled upon this point except that 
the mortar should be thoroughly mixed, yet not kept so long in the mill as to be ground 
tr> pap. On very small works the mixing is effected by hand or in a pug-mill. It is 
evident, however, that such a mixture must be very incomplete unless a great deal of 
time is devoted to it Before hydraulic time is mixed in this manner it is absolutely 
necessary tliat it should first be ground to a flue powder, and with any description of 
lime the smallest refractory unslaked particles should be carefully screened out. 
Mortar, especially when mode with cement, is sometimes mixed dry, the ingredients 
bring carefully turned over together 2 or 3 times before the water is added. By this 
process a very thorough incorporation of the materials can be effected, but in many cases 
it would involve a separate grinding of the lime, and would be too expensive. If a 
hydraulic mortar is allowed to commence to set and is then disturbed, it Li greatly 
injured Care should be token, therefore, to mix it only so long as is required fur 
thorough reduction and incorporation of the ingredients, and only to prepare m much ns 
can be used within a few hours. With fat limes it mutters little whether large or small 
quantities of mortar are made at once, because they set very slowly. Very quick-setting 
cetsi nti must be used immediately they are mixed, Tho bulk of mortar produced in 
proportion to that of thu ingredients differs greatly according to the nature of the 
lime or cement and the quantity acid description of the sand added to it. The more 
hydraulic limes produce a sandier quantity of mortar because they expand less in 
frisking* 

Selenitic mortar is generally made by mixing selenitic cement and sand. It was at 
emo time made by mixing a small proportion of calcined sulphate with ordinary lime and 
hiikL The licences now issued by the patenteca render it necessary that selenitic cement 
should bo used. Tho proportion of sulphate required to develop the characteristics of 
tl*o material is added to the cement before it is sold, and the process of mixing tho 
mortar is carried on under the following rules I buah, (1’2S cub, ft.) of prepared 
H lenitk lime requires about 6 gab of water (2 full-si zed pails). If prepared in a mnrtar- 
xnili : (1) Pour into the pan of the edge-runner 4 full-sired pails of water; (2) gradu¬ 
ally add to the water in the pan 2 bush, prepared selenitic lime, and grind to the consist- 
*ney of creamy paste, and in no case should it be thinner - (S) threw into the pan 10 or 
12 bush, clean sharp sand, burnt clay, ballast, or broken bricks, which must be well 
ground till tboroughly incorporated; if necessary, water can bo added to this in grinding, 
which to preferable to adding an excess of water to the prepared lime before adding the 
gaud. When the murtor-mill cannot be used, an ordinary plasterers" tub (containiug about 
S0-40 gut.) or trough, with outlet or sluice, may be substituted. If prepared in a 
pi lie tore r s' tub : (1 ) Pour into the tub 4 full-sired pails of water; (2) gradually add to thu 
water in the tub 2 bush, prepared selenitic lime, which must be kept well stirred until 
thoroughly mixed with tho water to the consistency of creamy paste, and in no case 
ehould it be thinner; (3) measure out 10-12 bush, clean sharp sand or burnt day 
b&lkst, and form a ring, into which pour Ibo selenitic lime from the tub, adding water 
os necessary ; this should be turned over 2 or 3 limes, and well mixed with the lurry or 
mortar hook. Both the above mixture® are suitable for \w*W ox V* tafc* 
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■hould always be placed for the use of the builder on a small platform or “ banker, v or in 
a tub, to keep it from the dirt. 

Took—The tools required by the bricklayer nro not of a complicated nature, nor is 
it a matter of difficulty to beoome proficient in their use. They are illustrated below. 
Fig. 1302 is a masons’ trowel; Fig. 1303, a pointers' cutting trowel; Figs. 1304,1305, 


1303. 


130?. 



1304. 




plasterers* trowels; FigB. 1306, 1307, plasterers’ moulding tools ; Figs. 1308,1309, forms 
of bricklayers* hammers. The level employed by bricklayers is composed of a plumb 
level (Fig. 251, p. 186), fastened at right angles to a straight-edge, with struts at the 
aides to preserve the relativo positions. 




C 




Laying Brick *.—The average size of bricks in this country is a fraction under 9 in. 
Aeng and 2} in. thick; and, in consequence of this uniformity of size, a wall of this 
material is described as of so many bricks in thickness, or of the number of inches which 
result from multiplying 9 in. by any number of bricks—a 9-in., or 1-brick wall; a 14-in. 
wall, or 1} brick (13} in. would be more correct, in fact; for, although a joint of mortor 
must oocor in this thickness, yet the fraction under the given size of the brick is enough 
to lbim it) ; 18 in., or 2 bricks, and so on. The great art in bricklaying is to preserve 
and maintain a bond, to have every course perfectly horizontal, both longitudinally and 
transversely, and perfectly plumb, which last, however, maty 
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thut is the general acceptation of the term, for the plumb rule may be made to suit 
required melinatiQn, as inwurd, againat u bunk, for instance, or in a tapering taw, *t*l 
also to make the vertical joints occur perpendicularly over each other; this is vnlgwly 
and technically called keeping the perpends. 

By bond in brickwork is intended that arrangement which shall make the bckki -rf 
every course cover the joints of those in the course below it, mid so tend to make tb- 

230B. 


y 





whole mass or combination of bricks act as much together or dependently upon cat 
another aa possible, A brick, being exactly half its length in breadth, it is impcaaihk* 
commencing from a vertical end or quoin, to mnke a bond with whole bricks, a* the 
joints must of necessity fall one over the other. This difficulty is obviated by cuttings 
brick longitudinally into 2 equal parts, which are called half headers. One of the*? u 
placed next to a whole header, inward from the angle, and forms with it a j length 
between the stretchers above aud belowq thus making a regular overlap, which may thrl 
be preserved throughout Half headers, so supplied, are technically termed closer-*. A 
j stretcher is obviously aa available for this purpose as n J header, but the latter i» 
preferred, becauae, by the use of It, uniformity of appearance in preserved, and whole 
bricks are retained ou the returns. In w'&lb of almost all thicknesses above y in., to 
preserve the transverse and yet not destroy the longitudinal bond, it is frrquenlly 
necessary to use half brinks; but it becomes a question whether most? is not lust la tbs 
general firmtie*s and consistence of the wall by that neo&toty than is pined in the 
uniformity of Ihe bond. It muy certainly be taken as a general rule, that a brick thmM 
never be cut if it can be worked iu whole, for a new joint is thereby created in * eocslme* 
tion, the difficulty of which consists in obviating the debility miring from the ronuM 
recurrence of joints. Great attention should bo paid to this, especially iu the quomi 4 
bail)lings iu which half bricks must readily occur, and there it is not only of oonwqtii in* 
to have the greatest degree of consistence, but the quarter brick* ubc« 1 tu* aft 

readily admitted, and the weakness consequent on their admission would only lie iucfvwsfd 
by the Us© of other Imts or fragments of bricks. 

Another mode of bonding brickwork is, instead of placing the bricks in altorcmto 
courses of headers and stretchers, to place headers and stretchers alternately in the san* 
course. This is called Flemish bond. Closers are necessary to both vorietiesi of bond in 
the same manner and fur the same purpose ; half bricks will also occur in both, but 
has been said iu reference to the use of them in the termor applies even with more fnpt 
to the latter, for they are mure frequent in Flemish than English, and the transverse t» 
is thereby rendered less strong. Their occurrence is a disadvantage which every pahn 
should be taken to obviate. The arrangement of the joints, however, in Flcmioji i*vnd. 
presenting a neater appearance than the English bond, it is generally preferred for «• 
tcmnl walls when tlu ir outer faces arc not to be covered with stucco or plaster <«[»}*>■ 
sit juft of any kind, hut English bond "^cmld have the preference when the great 
degree of strength and iioinpactuuaa h ut Vwu importance^ be^u* il 
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$ a letter transverse tie than the other. It is a curious foot, that what is known 
in England a* the Flemish bond, in brickwork* is unknown in Flanders,and is practised 
in the British lake alone, In Flanders, Holland, and Rhenish Germany, which are all 
loricktoymg countries, no kind of bond is found but what is known in England as 
ih bond* 

It has been attempted to improve the hnnd in thick walls by laying raking courses 
in the core between external stretching courses, and reversing the rake when the course 
ur=s This obviated whatever necessity may exist for using half bricks in the heading 
cuurara, but it leaved triangular interstices to be filled up with bats. Skilful and inge- 
us workmen are well a wore of the necessity of attending to the bond, and are ready 

t k to suggest it nd to receive, and practise an improvement; but generally the work- 
» themselves are both ignorant of its importance and careless iu preserving it, even 
according to the common modes. Their work should, therefore, he strictly supervised as 
tin-y proceed with it, for many of the failures which are constantly occurring may bo 
referred to their ignorance or carelessness in this particular. 

Not second in importance to bonding in brickwork is that if be perfectly plumb or 
vertical, and that every course bo perfectly horizontal or level, both longitudinally and 
transversely. The lowest course in the footings of a brick wall should be laid with tho 
btricifcsst attention to this latter particular; for, tho bricks being of equal thickness 
throughout, the slightest irregularity or incorrectness in that will bo carried into the 
eup^rimporing coursed and can only be rectified by using n creator or less quantity of 
mortar in ono part or another ; m that the wall will, of course, yield unequally to the 
superincumbent weight, ns the work goes on, and perpetuate the infirmity. To save the 
trouble of keeping tho plumb rule and level constantly in bin hands, and yet to ensure 
correct work, the bricklayer, on clearing the footings of a wall, builds up ti or 8 course* 
it the external angles, which he carefully plumbs and levels ac ross, and from one to tho 
other. These form a gauge for the intervening parts of the rooms, a line being tightly 
drained from one end to another, resting on the upper and outer angles of the gauge 
bricks of the next course to be laid, and with this he makes his work range. If, however, 
the length he great, the line will, of course. “fftg t *ftnd it must, therefore, be carefully 
set and propped at sufficie nt intervals. Having carried up 3 or 4 courses to a level with 
the guidance of the line, the work should bo proved with the level and plumb rule, and 
predict) Urly with tho latter at the quoins and reveals as well as on the face. A smart 
top with the end of the handle of the trowel will generally suffice to make a brick yield 
what little it may lie out while the work is so green, and not injure it. Good workmen, 
however, take a pride in showing how correctly their work will plumb without tapping. 
To work winch is circular in the plan* both the level and the plumb rule must be used, 
together with a gauge mould or a ranging trammel, to every course ; as it must be evto 
dent that the line cannot be applied to such in the manner just described. To every 
wall nf more than 1 brick thick 2 men should be employed at the same time, one outside 
and the other in; one man cannot do justice from one side even to a 14 in. wall. Inferior 
workmen and apprentices are generally employed os inside men, though the work there 
is of quite as great importance as exteriorly, except for neatness, and for that only if 
the brickwork is to show on the outsulc. 

Bricks should not be merely laid. Every brick should bo rubbed and pressed down 
in such a manner as to force the slimy matter of the mortar into the pores of the brick*, 
ami *o produce a perfect ad In a ion. Moreover, to make brickwork as good and perfect 
as it may be, every brick should bo made damp or even wet before it is laid, other wise 
it immediately absorbs th** moisture of the mortar; and its surface being covered with 
dry dust, and its pores full of air, no adhesion can take place ; but if tho brick be damp 
and the mortar moist, the dust ia enveloped in the cementitious matter of the mortar, 
which also enters the pores of Ihe brick, so that when the water evaporates their attach* 
nient is complete, the retention and access of air being ultogethei 
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bricks before they wore carried on to the scaffold would, by making them heavier, ndd 
materially to the labour of currying; in dry wealher they would, moreover, become dry 
again before they could be used ; and for the bricklayer to wet every brick bis™*If 
woidd be an u n necessary waste of t i me. Boy s m ig h t the n he ad van t» geously em play ed to 
dip the bricks on the scaffold, and supply them m a damp state to the bricklayer** liatii 
A watering pet with a flue rose to it should also he used to moj&tcn the upper eurfane 
of the last laid course of bricks, preparatory to strewing the mortar over it. In brick¬ 
laying with quick-setting cements, these things are even of more importance : ia^W, 
unless bricks are quite wet to be set with cement, it will not attach itself at ill 

A matter of importance in connection with face-brickwork is " finishing/ commonly 
called “ striking/ the joints, a matter which lms undergone during the last 20 m 
more or less, a com pie lo transformation of character, in style of work, skill displayed, 
and mode of execution. Various causes have brought about tiiis change, foremost amongd 
them being the prevailing fashion of forcing tho progress of brickwork in a nuunur 
entirely out of keeping with the time necessary for its natural growth, This ha* given 
rise to the now almost invariable practice of leaving the joints a roughs to be nftervimii 
** pointed down,** as it is termed, when the building is being completed, and tho scaffold* 
removed ; whilst a brieklayer facing his joints ** off the trowel," must of nece^ity 
exercise a certain amount of care in selecting Ida bricks, so us to secure tbe beat f*or 
outwards, because, the more they are free from defects, the less difficulty is found in 
*■ striking n the joints. 

Nor would this pointing business be so bad if tbe joints were raked out effect uaTIj, 
so as to give a sufficient ** key/* and the material of n proper description and quality* 
judiciously mixed, and beaten to the necessary state of consistency, used by an ctffldnt 
workman with lmndy tools, and a reasonable allowance of time for execution; for (hen 
thero would be sumo guarantee of future stability, and also some possibility of 
the evil effects of slovenly bricklaying. 

There are doubtless some cogent reasons tthy, during the winter inontlif, 
brickwork should be left rough for after-pointing. We till know what even one night* 
lrnrd frost will do in the way of injury to the finished joints which have not had time 10 
get sufficiently hard or dry to resist it. But why should not this bo avoided '( 

To safeguard brickwork from injury by frost, in the first place, the bricks, pnevimt* 
to using, should be kept dry, the mortar made up under cover, with frosh lime (kept 
fresh in a weather-tight shed), which, if not ground in a mill, should be dry-slaked, u4 
only just sufficient water used in the mixing to bring it into a fit state of conekteTic?, 
tlio top and face of all walls, so soon as built, completely and effectually covered w|\ 
and during building to lie covered every night; the covering to remain until (bt 
danger is past, or only uncovered to meet the exigencies of the work. 

Another specially noticeable change has also taken place in the form of the joint*, 
whether struck in the first instance or pointed afterwards. This is brought about by fi* 1 
almost universal adoption of whot is called the u weather joint," commonly knots 
amongst bricklayers in and about London as the M School Board joint —presumably w 
because it was on the Board School building* that this system became more generally 
adopted. Now it is one of tho conditions of tho weather joint (so colled) that Hie f*c* 
shall he bevelled inwards, thus leaving tho bottom arris of the bricks above l^re imd 
square undercut; ami that the lower edge of tho joint may have some pretence t> * 
straight line, it is usual for the bricklayers to cut it, ia which case the top arris of tbo 
bricks beneath is to a certain extent undercut also. So them are in reality 2 cpft 
4 ‘ farrows ,f or channels to every joint laid open to receive any amount of moi«mff’ 
With tho old and legitimate systtau of pointing it would not be so, because (always pro* 
vklirig the work is skilfully done) the whole surface of the joint would be struck flask ti¬ 
the fhee of the bri#s, and completely scaled at both edges to the arrises of the war* 
above ami below, with uo uudvtcuVUu^ 1 . But supposing, for the tnk^ of Vf* 









Masonry —Erick work. 


591 


ment, that the ucw style Ms an advantage over the ok! in respect to the weather, sn 
much cumiot by any means be said in regard to the general appearance, And moreover 
|h»< iif * synt<Kl id. ex ceodiugly distasteful to all practical bricklayers for one especial reason* 
if for no other—the u awkward handling of the tools " involved in its" manipulation / 1 For 
In stance, when commencing to build from off the ground or scaffold, it is extremely diffi¬ 
cult to get the trowel to the required angle for sinking it, and it is only when the courses 
are numl G or B high that it can bo accomplished with any degree of convenience, leaving 
accuracy out of the question. 

Another style is commonly known as 41 tuck-pointing," It is only of late years that 
this system oF pointing has Men applied, except in very rate instances, to new brickwork, 
although common enough in renovating or dressing op the Cnee of old buildings, to give 
them a smart ippraisfM^bj the bye, a short-lived one—for which purpose only it may 
be, to a certain extent, excusable. But the only possible excuse for its application to new 
work, u for the purpose of covering a multitude of sins, in the shape of inferior bricks, 
□□skilfully hi id iu execrably bad mortar, the walla 14 shoved " up (the comet icoffold 
definition) with but little regard either to perfect face-bond or correct perpends* 
Another contingency will surely follow—that once brickwork has been subjected to this 
kind of pointing, a very few years will have elapsed ere it will require u similar treat¬ 
ment, and never be fit to receive any other* This tuck-pointing is the least of all adapted 
to resist the action of the weather, easily explained by the char icier of the materials, the 
*yatom of manipulation, and form of tho joints. In the first place the 44 stopping " or 
groundwork of the pointing is mixed with large proportions of Vegetable Moating* 
matter to produce the necessary tint—such, for instance, as lampblack, umber, 44 Venetian 
red," “Spanish,* or “purple brown/* &e«; neither of which contains a particle of 
“pit/ and when softened with water all are like so much raud, will never set hard, 
and when dry are tittle or no belter than dust, having no cohesion in themselves or 
their surroundmgs. 

In the next place the stopping when filled into the natural joints of the brickwork, 
even if tucked in sound (which is not always the ease), is “ ironed" up to a smooth 
surface level with tne face of the bricks, leaving nothing iu the diameter of a key, by 
which the 41 artificial joint H when planted on its face may become incorporated with it. 
These* artificial joints when " laid on " and completed consist of a network of nd&ed 
bands of parallel width, bearing a strong resemblance to a fine mesh 14 trellis-work," 
stock on to thu brick face, and having no useful purpose whatever, beyond defining the 
bond and courses, and not always that truthfully, because, the brickwork being carried 
up without any particular regard to truth, the artificial joints are frequently placed 
upon the surface of the brick instead of the natural joint. 

The whole secret of forming these joints depends upon the dexterity with which a 
workman can plaster on the tare of the stopping a ridge of pointing material in, 
wide, nod then drag two-thirds of it off again with a “ Frenchman, 1 ' which is supposed to 
out it off This Frenchman is simply an old dinner-knife ground to a point, the tip of 
which is turned down square to form n hook, the hook being intended for cleaning off 
the superfluous material cut by the edge oF the knife ns it paved along the straight¬ 
edge. But it is seldom sufficiently sharp for cutting it, so it simply drags off, leaving to 
each joint a couple of jagged edges, standing out in, in thickness, upon which the 
moisture, dust, and sooty matters can deposit themselves to any extent, ansi eat their 
way into the mud like stopping, which requires but a very short ®(>aee of time to become 
entirely *ottcn and disintegrated, aud if the surface or ariifleiiil joint has not by this 
time already fallen off from the went of coheeron, the whole will gradually bulge out 
from the face of the wall, and ultimately tumble together* 

There is another description of [dinting, sometimes culled 44 bastard tuck,” the inode 
being somewhat similar to the last, only that it is done without any previous stopping. The 
pointing mortar is generally laid on with u tool called a * jotatot / gpA&AVg w. 
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edge* This tool boa n fnoo Hi*.! *omi? 'w idth t m tho intended joint! and leaves its imp>* 
Upon the mate rial* the superfluous margins being cut or dragged oft" by the Freraluwa, 
the same as before. This kind of work Is preferable to tuck-ptdnting, inasmuch os it it 
capable of being made Bound and durable, especially if the original joint* hare Wa 
previously lit id effectually raked out; also the mortar may contain a greater pmpnrtnnn 
of grit, and need not contain any colouring matter to depreciate its jetting qualities It 
can atari tie presard into the natural joints with greater effect, thereby ensuring stability* 
and finished flu*b with the face, which will be a nearer approach in appearance to unfit 
legitimately struck off the truwtd. 

There ii yet another kind oF 11 bastard tuek*pointitig, ,t w hich, used oc-citriomdly to- b* 
applied hi brickwork* faced with yellow malms* which consists of a method of supping 
in Ihe natural joints, w hile yet soft, and at the same time rubbing over the wholesurfset 
with ti piece of brick of Ihe sumo kind na those iu the wall. By these mean-, tbs 
particles ground from the FrictiMti of the bricks become mingled with the mortar, so tbit 
the face of the wall* bricks* and joints are one level surface, and as nearly as pnsaiM# 
one tint. It is then left until the lime arrives for finishing* when the artificial joint! 
are laid on in the *ame mnuo< r as describe d in tuck-pointing. One thing in favour of 
this method is the fact that the stopping becomes nearly a$ hard as the bricks, aid 
therefore very little danger occurs of c-arly decay. But with the disappearance of yeltar 
nmliu bricks, this system of pointing appears to have disappeared also* and it would b* 
well to be enabled to say the same of all other pointing in so far as new brickwork u 
concerned. 

If pn in ting is to bo done* and must be done* then let it be done properly—that if ta 
say* mally and sound, with gtiod material* nay Portland cement, spread out in a dlj 
place fur several days to air it* und mixed with n fair proportion of good sharp, flue grit* 
well washed; the natural joints robed out to a depth of not leas than £ in,* easily doin' 
when the work is bring built, before it has had time to g> t hard* with a piece of and 
shaped os a raker; it should not by any means be done with an iron instrument* which, 
in the hands of an unskilful workman, will tear off the arris of the bricks. After rakhc. 
the face of the wall should be cleaned, ami the joints well swept with a hard broom. It 
should lie borne in mind* that if the bricks are cleaned at this stage, the cleaning cm 1* 
done at half the cost* because the dirt and mortar spots will not have hud (ime ton*.' 
harden; if allowed to do so, there i» no hope of removing them without destroying ths 
faro of the brick. In hot, dry weather each piece of work should be well saturated with 
water before pointing, which should not be commenced while the water is standing upon 
the face. The joints should ids** be roughed io, M and finished while sufficiently tu id 
to be pliable; the tool should be a trowel* because what little trimming is necessary on the 
scorn of neatness in l>e»t done with the trowel, fbr the reason that it does not tear tba 
edges. Red brickwork especially, when pointed in this way* will look remarkably writ: 
lieeause, when toned dow n by a few mouths 1 wear* the tint of the cement harnjouii** 
with the colour of the brick with a very pleasing effect. The strength an 1 tone uf tli* 
material will be greatly improved by a few drone kings of water* after the work is d*w. 
and auiBciently hard to boar it* providing the season of the year w ll permit it Ju ihe 
absence of cement* the bed, il greyatone lime" should be used. This should not h* 
•'run," the common way of treating this kind of lime, but ** air-flaked,” fitted dry 
through a very fine sieve* and mixed with the G»ud before welling, in the same wr h 
with cement* only the whole quantity required for the job should if possible b© mods up 
ut ono lime, and kept moist; not by continual adding of wnter, but in a damp jdsw, 
shaded from the son and wind, and before using beaten into a fit state of eonsislsutf, 
with a wooden or iron boater. 

Those who are culled upon to use "black” pointing mortar should never stain II 
wr£h ■*Jump-black, 1 * “foundry sand" or 11 forge blower**” hut procure from a jwWiUf 
manufactory a refuse called 14 gtecu ctauva* \ like mortar, very 
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a little will go a long way. It should be thoroughly mixed when the pointing 
iff’* is being made up, so as to avoid different shades of colours when the work 
>mrs dry. 

Much has been said about the various kinds of bond in brickwork, which will be more 
riy understood by reference to the following diagrams. Fig. 1310 illustrates English 


1310. 



1311. 


, the courses being made up alternately of a row of headers a and stretchers 
1311, Flemish bond, wherein the headers a and stretchers b occur alternately in the 
> ooarsc. In angles of walls it is often necessary to introduce “ closers * in order 
take the courses break joint; these closers are halves or quarters of bricks, cut 
•r lengthways or crossways, and introduced last but one in the course, so that a 
ie brick may always come at the end. Figs. 1312, 1313 illustrate respectively 
1st and 2nd courses of the corner of a 9-in. wall in English bond: a headers, b 
ire, c stretchers. Figs. 1314, 1315 indicate respectively the 1st and 2nd courses of a 
2 bricks thick in English bond : a headers, b closers, c stretchers; and Figs. 131$, 
, respectively the 1st and 2nd courses at an augle of the wall. Fig,*. 13V^ > \S»Yh 
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show respectively the 1st end 2nd courses of a 1-brick wall in Flemish bond; sad 
Figs. 1320,1321, the same in a 2-brick wall. Figs. 1322, 1323 are tho 1st and 2nd 
courses respectively of tbe comer of a 1-brick wall in Flemish bond; and Figs. 1324. 
1325, the same of a 2-brick walk The bond used for garden walls consists of 3 stretcher* 


1312 . 





and 1 header alternating in each coarse. A bond much used in Scotland has 5 course* 
of stretchers to 1 of headers. In the junction at right angles of 1-brick English bond 
walls, the 1st and 2nd courses respectively are as in Figs. 1326, 1327; in Flemish bond, 
they resemble Figs. 1328, 1329. 

IIoUow walk .—Brick walls are sometimes built hollow, with the view of gaining one 
or more of the following objects,—(1) economy of materials, (2) equalizing the tempera¬ 
ture and preventing damp in the apartment enclosed, (3) providing a flue for tbe 
passage of smoke. In the ordinary hollow wall, the bond is a brick, which of ooorse 
readily conveys damp from the outside. The best plan of joining the walls is by iron 
ties, as patented by Chambers and Monnery, 41, Bishopsgate Street Without, London, 
and shown in Figs. 1330 and 1331. 

Fireplaces. —Fig. 1332 shows the manner of supporting the hearth-stone of a fireplace 
when timber joists are used. Into the front wall a or chimney breast, below tbe grate, u 
built the hearth-stone 6, supported at one end by the wall and at the other by a trimmer 
arch e having its base situated in the wall a, and its crown abutting against the trimmer 
joist d. 
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or cement mortar in which thu hard material is imbedded, go that the result U a speck s 
of very rough rubble masonry. The broken material h sometimes for eonveniemw called 
the “aggregate/ 1 and the mortar in which it is encased the u matrix/ 1 The strength 
and other qualities of concrete depend chiefly upon the matrix. They are, however, 
in fine need also by the aggregate. 

As to die matrix, the lime, or cement, sand, end water, should lie bo proportioned 
that the niorbur resulting from their mixture is the best that can be made from the 
materials available. Ab a rule it should 
be belter than the mortar used for walling, 
especially if the concrete is to be used in 
important positions. The reason for this 
is that* in concrete, the mortar receives less 
assistance, from the form and arrangement 
of the bodies it cement* together, than it 
does in masonry or brickwork. In some 
cases the mortar U mixed separately, just as 
if it were to be used in building brickwork 
or masonry, and then added to the hard 
material. More generally, however, the id- 
gradients arc mixed together in ft dry &tate. 

The aggregate is generally composed of any hard material that can be procured near 
at hand, or in the moat economical manner. Almost any hard substance may be used 
when broken up, e. g. broken stone, slag, bits of brick, of earthenware, burnt clay, breeze, 
and shingle. Preference should be given to fragments of a somewhat porous nature, 
such as pieces of brick or limestone, rather than to those with smooth surfaces, such as 
flints or shingle, ue the former offer rough surfaces to which the cementing material will 
readily adhere. Any aggregate of a very absorbent nature should be thoroughly w etted, 
especially if it is used in connection with a alow-setting lime or cement, otherwise the 
Aggregate will suck all the moisture out of the matrix, and greatly reduce its strength. 
Many prefer aggregates composed of angular fragments rather than those consisting of 
rounded pieces, e. g. broken stone rather than shingle. The reason for this is that tiro 
angular fragments fit into one another, and slightly aid the coherence of the mortar or 
cement by forming a sort of “bond," while the round stones of tho shingle are aimply 
held together by the tenacity of the matrix. Moreover, the angular stones are cemented 
together by their sidcB, the rounded stones only at the spots where they touch one another. 
The aggregate is generally broken bo ns to pass through a 1|* or 2*in. mesh. Very largo 
block* cause straight joints iu the mass of the material, which should bo avoided if the 
cement is to bear a transverse stress or to carry any considerable weight Of the aggre¬ 
gates in common use, broken brick, breeze or coke from gasworks if clean, ami burnt 
clay if almost vitrifled throughout, all make very good concrete. Gravel and ballast 
ore also good if angular and clean. Shingle is too round and smooth to bo a perfect 
aggregate- Broken stone varies; some kinds are harder, rougher on the surface, and 
therefore better, than others. Flints are generally too round, or, when broken, smooth 
and splintery. Chalk is Homo times used, and the harder varieties make good concrete 
in positions where they are aufe from moisture ami frost. Slag from iron ftUBlGeft is 
•ometimes too glassy to make good concrete, but when the surface is porous it is one 
of the bent aggregates that can bo ubixI. it ia hard, strong, and heavy, and the iron 
in jt combines chemically with the matrix, milking it much harder than It would 
otherwise be. 

The size of the pieces of which the aggregate is formed influences the content of the 
void spaces between them, and therefore the quantity oflime and sand that must be used* 
Unless the mortar is of such a description that tt will attain a greater hardness ttewsv \.W 
Aggregate, the object should be for the concrete to contain wa m^V 
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aa little mortal m possible. The following Table sbnwa the amount of voids In l mb, ?4 
of ntone breken to different sizes, and in other materials ;■— 

l Cnb. Yi cgouIia 
Void* amutiTiuiu; to 


Stone broken to 2|-in. gauge .. — ... IQ cub. ft 

Do. 2 do. .« .. .1 .i .. .i 10) do, 

Do, 1} do, .. .. 14 do. 

ShiDglo .. .. 1 * .« .« .. .. 4 . u ** 9 do. 

Thames ballast (which contains the necessary Band).. — 4| do. 


A mixture of atones of different sizes re 1 luces the amount of voids, and Ls often desirable. 
The eontenta of the voids in any aggregate may be aaccrlamed by filling a water¬ 
tight box of known dimensions with the material, and measuring the quantity of water 
poured in bo as to fill up all the interstices, or by weighing ! cub. ft, ef the aggregate .uni 
comparing its weight with that of a cub. ft. of the solid stone from which it is broken. 

In building walla, or other umssea of concrete, large pieces of atone, old brii-ks, chalk, 
&c, t are often pecked in fur the sake of economy. Ctire should be taken lhat the lump 
thus inserted be at least 1 in. apart, and some distance clear of the face, so that they 
maybe entirely surrounded by cementing matter. Where lumps of chalk or absorbent 
material arc used, care must be taken that they are not exposed so as to absorb wet or 
moisture, otherwise they will lie liable to the attacks of frost, and may bueotue a aoun* 
of dost ruction to the wait 

The proportion of each material is determined by custom, rule of thumb, or experience, 
A common mixture consists of l quicklime, 2 sand, 5 or 6 gravel, broken stone, or 
brick ; or l quicklime, 7 Thames ballast (which contains sand and shingle). The kith* 
proportions are often blindly adhered to, whatever may be the nature of the mate rub 
used. The best proportions for the ingredients of 1 t ub, yd. of concrete to be made w.ib 
any given materials may, however, always be arrived at by ascertaining the contents of 
the voids iu a cub. yd. of the aggregate (without sand), and adding to the latter ftwii 
materials as will make mortar of the best quality and in sufficient quantity to perfectly fill 
those voids. If the aggregate contain sand (as in the case of gravel or ballast), the anai 
should be screened out of the sample before the voids are measured, and the amount of 
sand thus screened out will be deducted from that required for the mortar which »» to 
form the matrix ef the concrete. In practice, ft little more mortar than is actually requited 
to fill the voids is provided, iu order to compensate for imperfect mixing. Undw 
recommends 1 Portland cement, 8 gravel, for walls of buildings; and I Portland 
cement, G gravel, for roofs, floors, Ac. On the Metropolitan Main Drainage Works tlw 
following proportions were adopted:—! Portland cement, 5J haHask including iiL 
for Bowers; and 1 Portland cement, S ballaat, including sand, for backing walls sad 
other work, except sewers. 

Concrete is much used for paving, being mad© Into slabs, and then laid like ordinary 
stone flags. For tide purpose it is preferable to use an aggregate, such os shingle, muck 
harder than the matrix, md to us© very little sand in the latter. Ah the matrix beeofitf* 
worn away, the pebbles of the aggregate project slightly, making the surface a little 
rough, and therefore less slippery, and at the same time the matrix is protected from 
further wear, 

jtfnrifvj,— The materials are generally mixed in a dry state. The proportions decided 
upon are measured out either roughly by barrow-loads, or in a more precise manner by 
means of boxes mode of sizes to suit the relative proportions of the ingredient* to be used. 
Such boxes, in which the quantities to be mixed together can be accurately gauged, 
should always b© used in mixing cement or other concretes in tended for important work* 
The measured materials are then heaped up together, and turned over at leant 2, brttrf 
3, times, *0 as to be moat thoroughly incorporated. The dry mixture should then 1* 
sprinkled, not drenched, the wwWi Wuv^ w&taA, through a L * no ions 
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Mng used than is ueccasnry to mix the whole wry thoroughly. If tw much water be 
added, it is apt to wash the lime or cement away. The mixture should then again be 
turned over once or twice. When lime in used it should be in n flue powder. !f a fat 
lime (which is almost useless for concrete in most positions), it should bo slaked aud 
HN^ned. If a hydraulic lime, it should lie finely ground, or, in the absence of machinery 
fur grinding, It should be carefully slaked, aud all unalukcd particles removed by posting 
It through o sieve or fine screen. The lime is often used fresh from the kiln, piled on to 
lire other ingredients during the mixing. This is apt to leave unalaked portions in the 
lima and is n dangerous practice. When Portland cement is used for concrete, it must 
be thoroughly cooled before mixing. Cements of the Roman class should b© fresh. 

When the mortar is prepared separately,and then added to the aggregate, it may be 
mixed in mortar-mil is, or by any other means available, the same precautions being 
taken as in mixing mortar for Other purposes. The mortar should not be too wet, but 
►Wahl, when added to the dry material, contain about as much moisture as coarse brown 
sugar. It can then bu readily turned over and incorporated with the Aggregate. The 
aggregate should be wet throughout, so that it may not suck the moisture out of the 
mortar. 

Nome engineers consider it important that the lime or cement and sand should be 
mixed dry with the aggregate; others think that it is better to mix the mortar separately 
and i hen add it to the dry material. The relative advantages of the*e2 methods depend 
upon circumstances. When the aggregate is in the Jbriu of sandy ballast or graved, the 
second method couhl not bo adopted without the expense of screening. The moat 
iniimftU 1 mixture, and therefore (other conditions being the sum©) the best concrete, can 
probably be produced by mixing the matrix separately and adding it in a moist (not wot) 

S t-- to the moistened aggregate. With quick-setting cements. this method seems to bo 
■n to the objection that the mortar will begin tu set before being added to the aggre¬ 
gate. and that the setting process will be disturbed by the after process of mixing with 
the aggregate. As a rule, however, the second method is more expensive than that in 
which the dry materials are all mixed together ; and when such is the case, it is not 
worth while to adopt it fur ordinary concrete. 

Laying *—A common practice, which until lately was much insisted upon, is to tip the 
concrete, after mixing, from a height of 10 ft., or more, into the trench where it is to bo 
deposited. This process is now considered objectionable, on the ground that lhe heavy 
and light portions separate while falling, and that the concrete is therefore not uniform 
throughout its mass. Wooden shoot* or steeply-inclined troughs are sometimes used, 
down which the concrete is shot from the place where it is mixed to the site where it id 
to be used. Such shoots are also objectionable, because the larger stones have a tendency 
to separate from the soft porliona of the concrete. Concrete should, after thorough 
mixing, be rapidly wheeled to the place where it is to he laid, gently tipped (through a 
height of not more than S ft) into position, and carefully and steadily rammed in layers 
about 12 in. thick. Each layer should be left till it Is perfectly set before another layer 
I* put upon it. It U essential that the layers should be horizontal; if r not, the waiter 
trickling off will carry tue cement wilh it. Each layer, after it is thoroughly set, should 
Ik* mrefully prepared to receive the one that is to rest upon it. IU surface should be 
llj swept clean, welted, and made rough by means of a pick. This is especially 
r if it ho* been rammed, for in that case the finer stuff in the concrete works to 
the top, aa also v, thin milky exudation, which will, unless removed, prevent the next 
layer from adhering. The joints between the layers are the most important points to bo 
jitteruled to in concrete. When the proper precautions have not been token, they are found 
to bo sources of weakness, like veins in recks, and the mass can easily be split with 
When there is net time to allow each layer to *^1 before the concreting is 
tinned, it is belter to rum it os quickly as possible, and, before it is set, to ndd the 
ere above it. Anything is better Uiun tu allow Urn tatyQX* VoW 
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are each made of 3 planks / ft in. wide and IJ in. thick, planed on the inner ride. TV 
width of each board is thus 2 ft* 3 iii. t and the length may be various.—1 ft , 5 fLGft 
The 3 planks / forming each board arc held together by a piece of angle iron* serpari 
on at each end, which alan aervea to retain tlie lxdt=t g by which the boards are record 
to the uprights h. Thu Inst arc formed of a atrip of board 2 in* wide by about G ft 

to which is screwed a |4et'Q of channel imn (l-J) of the tamo width and length. Tk 1 

Iron bolts g hold each pair of uprights at the required distance apart, to anil the thick' 1 
tnw* of the wall, as well as helping to tie together the boards on each aide of the m 3, 
aud resisting the pressure of the tnoist concrete. As the wall advances in bright Uk I 
bottom boards c d e can bo removed and placed above the next rows 6, and so on; and 
*hon the wall is sufficiently firm, the uprights can be removed and fixed higher. In 
tad it ton to the straight boards, there will be needed some angle boards for turning 
nviuow. Fig. 1334 is an elevation, and Fig. 1335 a horizontal section of the structure: 

1336 is u nearly full sized section showing details. 

CfHtnt.'nij Material. —It is hardly necessary to say that when there is a choice, the 
*Pu..,^Lh ttud quality of V\vo mttm\ vfcwvwld be in proportion to the importance 

W Uu part the concrete \vaa ho ^ ^p&tiouabk 


by walking over them, or in any other way, after they have commenced to set Oonrii 
made with a very quick-setting cement should ihcrefi »re net be znmmed at all TVs 
concrete has to be luid under water, care must be taken that it is protected dipy;n 
passage down to the site of deposit, so that the water does not reach it until it u litl 
This protection is afforded sometimes by shoots, by boxes* or by apecially coftbind sn 
“ skips,** which can be opened from above whim they I wive reached the spot vtae IV 
concrete is to be deposited, so as to leave it there. Sometimes the concrete is filled in 
bags and deposited without removing the bogs. Concrete is also made into hlorb wr¬ 
ing in size from 2 to 200 tons. These are allowed to set on shore, and deposited, IV 
smaller ones in the same way as blocks of stone, those of enormous size V 
arrangements which cannot hero be described. 

In the construction of walls or buildings or concrete, the latter has to be hot a 
place or supported by boards or other* ise, until dry and firm enough to be self tunwb 
ing. Various kinds of suitable apparatus have been invented and patented, all nwt* 
less costly. A strong, simple, and inexpensive set may be made after the plan d®aibri 
and illustrated below. In Fig. 1333, which is a perspective view, the boards a belt 
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y whore, except as filling in the spandrils of archer. Hydraulic lim^or cement. 
In (or concrete io nearly nil situutionB, Eminently hydraulic lime* should be 
nnerete fbiradutiems in damp ground, and in the absence of cement for aub- 
mrk of any kind. Portland cement concretes are adapted for nil lotions, 
for work under water, or where great strength la required; also in situations 
\ concrete has* to taka 

of stone, ns in facing 1334 . 

sowings, Ac, For work 
seated between tides, 
i concrete w required 
ckly but not to attain 
X ultiraute strength, 
p Medina cement may 
ith advantage. When* 
sake of ita atrength, 
cement concrete is 
y owed under water, it 
protected by canvas 
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or other means from 
ii which would wash it 
►re it had time to set. 
nerete is likely to be 
n great hi nt, as in lirc- 
irs, gypsum lme been 
matrix, 

prodyerd.— Tli ^ bulk 
*te obtained from a 
of proper proportions 
sand* and aggregsit^, 
lBidembly according hi 
m and proportions of 
rin Is and method rtf 
but it should in 
a little more than 
Qontvut of the aggre- 
re mixing, us the other 

a, if in proper pro- 
ihould nearly fit ipto and disappear in its voids. The following examples 
■ the bulk of concrete produced varies according to circumstances—(a) Concrete 
and cement to 6 shingle (or broken stone) end 2 sand ; 27 cub, ft, shingle or 
sue, 1* cub. ft, sand, 4} cub. ft. Portland cement (3$ hush.), 25 gal, water, make 
, concrete, (b) Concrete of I Portland cement to 7 Thames ballast (consisting 

l sand): 33 cub. fl ballast, 4J cqb, ft, Portland cement (3$ bush.), 30 gal. water, 

b. yd. of concrete, (r) Concrete of I Portland cement to 12 gravel, used at Chatham 
; 32 tub. ft. gravel (before Bhrinkege}, 2 cub. ft, Portland cement, 50 gal. water, 
ib, yd* of concrete m situ, (ri> Concrete of 1 Portland cement to 8 stone and 
1 at Cork Harbour works : 27 cub. ft. stone broken to l|-in. gauge, 9 cub, ft. sand, 
:. Portland cement, made 1 cub. yd. of concrete in tilt*, (e) In some concrete 
mode with breeze from gasworks and Portland cement: 29 cub, ft breeze broken 
mge, 8 cub. ft, Portland cement, made 1 cub, yd, of concrete in si In. ( f) Concrete 
ortland Bnakwnter Fort, stone used in 2 sizes and mortar mixed separately: 

atones broken to 3Jdn. gauge, 14 cub, ft. btobetv \VV^* 

5 cub. ft Portland cement, 23J gal. water, made \ cub. vd. \& ^ 


. Hurv'LjcrUcil Scotians 
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After being rammed, the concrete is compressed into about A the volume It omiptrt iW I ^ 
first made. 

Sd+tiUte Concreta, —Concrete nmy he marie with selenitic cernont mortar •* th< twlrv 
Portland cement ia sometimes A4 in small quantities to the setemUc r■ srr. 
From a series of experiments it appears tlmt a mixture of 1 part Fort land, 4 rrf HjciIc 
cement. and 23 of sand, was if anything superior to the same Portland used with 4 J ' 
sand, Tlio directions for preparing the concrete are as follows: 4 fall-tirol pel* 4 
water* 2 bush, prepared selenitic lime* 2 bmh< clean auml* These ingredient*u»wsd 
in the edge-runner or tub, and then turned over 2 or B times* on the gauging o\ I 
euaiiro thorough mixing with 12 or 14 hush, ballast. When the tub is used, the ml 
w ill b ■ Aral mixed dry with the ballast, and the lime poured Into it from the tab «* 
thoroughly mixed on the gsuging-floor* An addition of £ beat Portland cejmsiiwJW * 
found t ► improve the netting. 

Ajpaarnm.—Concrete, when made with hot lime or cement, swells to an e*vs 
amounting io j in. per foot of its linear dimensions. This is owing to the im^rM 
slaking or cooling of the lime or cement It is probable that when such expifcsk® t*H 
place there is a alight dtemtegTstum throughout the rna^s of nowerete, and tirt Hi 
coherence is destroyed* It has been ascertained by experiment that when lime te i*nhJ? 
slaked, the concrete does not expand at all, and concrete should be so carefully prcpiW 
that uo expansion will take place. The expansion which centra in concrete made *itt 
hot lime or cement has, however, been taken advantage of in 4i umierpintiiteg * mis 
that have settled in parts; hot concrete forced tightly into opening* made below the fct* j 
portions expand* and sets, filling the opening, and lilting the superincumbent wotk isVai 
proper position* 

An indispensable guide to those interested in concrete ot>ns Unction b Beid’* * Piv:<»! 
Treatise on Natural and Artificial Concrete.* 

Satipetrving of wuJis,—The surfaces /)f walls arc often covered with an efitor*-*'*** 
of an unsightly character, formed by a process known as *■ snltpetridng," It shorn had? 
chiefly in the case of newly built walls, but also in those parte of older walls which U? 
exposed to damp* It varies somewhat in appearance and chemical ccanpottlticm. md ■ 
nmst apparent in dry weather. It is generally white in colour and crydaJhi* a 
structure: the crystals presenting the appearance of very floe fibres or needles* w 
looking like a thin coating of snow or w hite sugar. Chemical analysis has shown tbt 
these crystal! vary considerably in composition* They often consist of magnesia sulpha* 
also of lime sulphate; of soda carbonate, sulphate, or nitrate ; of soda and 
chlorides, and potash carbonate. Efflorescence ia attributable sometimes to the bricb f 
stones of a wall, sometimes to the mortar* Dampness is favourable to its fn-muii - 
Cold as low* as the freezing point stops it In bricks burnt with coal ft«, or made ?r* 
day containing iron pyrites (iron bisulphide), the sulphur from the fuel convert* tfc 
lime or magnesia in the day into sulphates. When the bricks are wet, these diwoh*, 
when dry, they evaporate, leaving crystals on the surface* The magnesia sulphite * 
generally found in much greater quantity than the lime sulphate, os it hi far mvt 
soluble in water. Many limestones contain magnesia; these are acted upon itensj 
calcination by the sulphur in the fuel; sulphates are formed, which find their way 
the mortar and produce effects similar to those above meutioixud. Again, the sulyiiisr 
acids evolved from ordinary house fires attack the magnesia and lime in the mortar JutitU 
of the chimney; those dissolve and evaporate on the surface* The formation of rtdftridw 
is nearly sure to Like place, if tea Band or sea water be used, or m bricks made fr« 
clay which Las been covered by salt water* In some situations the formation of tl.« 
nitrates has been attributed to the absorption of ammonia from the air. The pollution 
and sodium sidts are supposed in many cases to be derived partly from the limastoos a«i 
for the mortar, and partly from the fuel employed Lu burning the bme. 

Not only does the efftoTeacfcawi ^rausoX w abearance, but it ciusoi 
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ches on the surface of the wall; It will eat through any coat of point that hnfl 
Lied after the efflorescence baa once commenced, and will even detach small 
i of the materials composing the wall* Prevention in this ease is better thou 
jpt itt cure. The heat plan is to avoid all the materials above mentioned as 
pvc rise to efflorescence. In the case of bricks* clay contain mg pyrites or much 
should not be used; special bricks may be burnt wilh coke or wood. As 
oortar, the use of limestones containing magnesia to any great extent nmy 
bo avoided. If t however, it does occur in spite of all precautions, the following 
may be tried. (a) In the case of ashlar work: (1) Thu surface may be 
*th a wash of powdered atone, sand, and water, which is afterwards cleaned off; 
up the pores of the stone, and temporarily stops the efflorescence; when the 
;mnvud. the saltpetreing wilt recommence, but in a weaker degree than before, 
mg the surface is sometimes efficacious if it is done before tho efflorescence 
-a. (b) The mortar before use may be treated to prevent it from causingefflorofl- 
) By mixing with it any animal fatty matter; Gilhnore recommends lb. 
latter, 100 lb, quicklime, and :i00 lb. cement powder. (2) Potash salts may bo 
Imnolta by adding hydrofluosilicLu acid* 
walk *—'The walls of a stone house, and sometimes of a brick house, are 
■red with dampness. This is due to the same cause by which dew is departed 
or moisture on the side of a glass or pitcher filled with ice water and brought 
rm room* The walls become cold, and as stone is a non-conductor of heat, they 
Id for i\ long time* When the weather changes suddenly from cold to warm, 
cornea filled with moisture, tor the warmer the sir is tiro ranro moisture it will 


When this warm air strikes the cold wall, the mohturc is deposited on it from 
hid! is suddenly cooled by contact with the walls, and as the warm air is eon* 
ommg in contact with the walls, the dampness accumulates until it appears 
r upon them, and pours down in streams at times* It is easily prevented* No 
oohl be put directly upon brick or stone* but ** furring" strips should be nailed 
11, anil the laths bo put on these. Cellars are frequently made very damp in 
way by too much ventilation in warm weather* 

Uinj.—Tlie sea fib] ding used by bricklayers consists of (1) poles which are 
ft, long, or even more, and 6-9 in. in extreme di it me ter at the butt 
which are short 

at fi ft, long, and std- 1H3T* 1333* 

* than 4 in. diam*, but 
square to prevent them 
ing; the ends uro nko 
tit cut still smaller, so 
exceed 2| by ftj in* or 
it, in order that they ^ 

css than the end of a 
!) lash in ga and aooden 
the former of l^-m. rope, 
thorns kmg; (4) planks 
uni length of 12-14 ft, 
thick, generally hooped 
Is to prevent splitting, 

so materials the scaffolding for brickwork is put together in the following 
-First a lino of upright scaffolding poles is creeled on each side, parallel to 
at the distance of about 5 ft., ami at intervals of 8-10 ft. apart* They are 
tnk about 2 fL into the ground at the butt end, and the earth rammed round 
ext a Hnc of horizontal poles of the same description is lashed and wedged 
poles, in the position intended for tka fvrat ec&'KuW 
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Tkeoe horizontal pies, which tire railed 11 ledgers*” arts continued all round the bciWiitf, 


and where 2 met* It L* usual to make their ends overlap, and to bib them not only loti# 
upright pules but nbo to each other. The ledgers and pales com bine in supportiiif th* 
superstructure of the scaffold, which is formed by the putlog and the planks. The pulA'O 
have a bearing of about 0 in, in the walls, anti are laid in a position that ought to W tin 
place of a heading brick. At the other end they rest on the ledgers. They ore land!* 
placed about 5-6 ft. apart, excepting between doors and window a, where the piert iw 
sometimes so narrow as to require them to be placed nearer ; they cannot of cob*! la 
Introduced where there is an opening witkout inserting any extra piece of timber trasi 
that oi^ening as a beam, The planks are placed longitudinally over the putlogs panlM 
to the wall, and it is common to u?e i or 5 planks alongside of each other, which 
a platform 3 or 4 ft, in width. Care should be taken that the planks do not project «i) 
distance beyond the putlogs upon which they rest. See Figs. 1337, 13 3$. 

PLASTERING AND W HITE WASHXNG,—Theae operation* are in*i* 
ruble iu the case of ceilings, and arc ollen combined in other instances. 

Plastering.— Material *^A great variety of compositions are used by pluirren. 
amotig the mo^t important being cements of various kinds. Many of these ore uad d« 
for building purposes ; others are very deficient in strength and weathering pmpcfiw 
and are suitable only for covering the surfaces of internal walls. In addition theft ** 
several mixtures made up of lime, sand, and other materials, distinguished by nuii«w 
names, und also used for covering surfaces of walls. The bad* of most plasters is a ndftt 
hydrated lime sulphate oecurriug as a soft stone, usually of a more or leas cry chili* : 
texture, and varying iu colour from whi te through shades of brown and grey In black IV 
very fine-grained pure white varieties are termed * alabaster,* or, when tnn«f*re>t 
** eel suites/' The raw atone is prepared either by simple calcination, or by cairn ah* 
and combination with various salts of (he alkalies. Plaster or Paris is prodmed H ^ > 
gentle cold nothin of gypsum to a point short of (he expulsion of the whole of U« 
moisture. The raw stone Is sometimes ground in the first instance utid oaldnnl fa a* 
vessels, Paste made from it sets in a few minutes, and attains its full strength m aa 
knur or two. At the lime of setting it expands in volume, which makes it raluat/e U j 
filing up holes and other defects in ordinary work. It is also added to various eoopnd* 
tiona in order to make them harden more rapidly ; and is used for making ornaoejfti 
for ceilings, which are cast by forcing it, iu a pasty stale, into wax or gnttop.‘?d» 
moulds. Where iL is plentiful, it is used in all parts of house-eon a tract ion where it *il 
l>e free from exposure to the weather, for which it is unfit, as it is very liable » 
water. There are 3 qualities in the market—“superfine,” “ fine,” and •*rears*": W 
2 former being whiter and smoother in grain than the last. The superfine i® 
in casks, and the other qualities iu casks or sacks. Both casks and sucks cobU©< 

2 owt. 

Portland cement is much used by plasterers for external rendering' the tiffkJfl 
varieties, weighing 95-105 lb, per bush,, being best adapted for this purpose. Tbit ** 
more quickly* and thus save expense not only jin their first cost, but also in the UU* 
that is bestowed upon them by the plasterer. Roman cement, and others of the 
class, are used fur internal rendering. Keene’s cement is a piaster produced by tr> 
calcining plaster of Paris after soaking it in a saturated solution of alum : l lb, iksti 
dissolved iu 1 gal. water, and in this solution are soaked 84 lb. calcified plaster ( ,f Alt 
iu small lumps; these lumps are exposed S days to the air, and then reoaldued * 
dull red heat* The addition of $ lb. copperas gives the cement a cream colour, «if * 
said to make it better capable of resisting the action of the weather. Tim <*Tj*rr.t * 
harder than the other varieties made from plaster of Paris, and is consequently ust*i fa 
floors, skirtings, cotumna, pilasters, Ac.; it is also frequently painted to imitate midsa 
It w made Iu 2 qualities, coarse and superfine : the former is white, and esptbk d 1 
receiving a high polish \ Vllut uqX wj w able to take so good a polo!. U* 
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hold. The superfine quality ts sold in oafiks containing SJ bush., and llie course in 
ti«ks of the game sizt 1 , und in sucks containing 3 bush, 

Parian or lieuting’a cement is said to be produced by mixing calcined und powdered 
prp&uui With a strong solution of bomx, then recaleining, grinding, and mixing with a 
mlution of alum. There are 2 qualities in the market—*' superfine n and ** coatEe,” 
[*key are sold in casks und sacks of the some sizes as those used for Keene’s cement 
Parian is said to work freer tban either Keened or Martin's ceraeut, and is therefore 
^referable for largo surfaces, which have to be hand-flouted before trowelling; but Urn 
latter cements am fitter, and produce sharper arrisies and mouldings, Martin's cuineut 
i mode in a simile? way to Parian—potash carbonate (pearlash) being used instead of 
■urax* and hydrochloric acid being sometimes added. It is made in 3 different qualities 
—cootie, fine, and superfine—the coarser kinds being of a reddish-white colour, and the 
mer pure white. It is said to cover more surface in proportion to its bulk than any 
her similar material. Metallic cement lias a metullio lustre, is suitable for outside 
rirk„ and is intended to dispense with colouring or painting, but is not much used. One 
nriefT is made by mixing gtound slag from copper-smelting works with ordinary 
on., ot stone. Portland cement stucco is a mixture of Portland cement imd chalk. It 
of a good colour und close texture ; weaker than Portland cement, but not so liable to 
rw#:k- Lins cement is produced from Lias shales containing a Large proportion of 
ilnble silica. It resembles Lina lime iu appearance, sets in 8 or 10 minutes, and is 
for lining water-tanks, or other purposes for which a light quick-setting cement is 
eqnired. John's stucco cement Is used os a wash or paint, and when mixed with S 
nr is of sand as a stucco. It is said to adhere well, to be hard when set, impervious to 
el, and fit for mouldings or castings. 

These so-called ** cements ** or plasters are largely used for the best class of internal 
layering, and, as they set very quickly, they can be painted w ithin a few bouts, which 
a great advantage. They are capable of receiving a very high polish, to obtain 
hick the surface is rubbed down with gritstones of various degrees of coarseness; 
ftiTwiirds stopped or |« id over with semi-liquid neat cement which tills up the pores; 
libbed again with snake-stone, and finished with putty powder. Tho plasters should 
ot be used in sit Bailor is much exposed to the weather, on account of their solubility. 

The materials used in ordinary plastering are laid on in successive coats, which 
iffbr from one another Id composition. In all of them tho lime used should bo moat 
uwoughly slaked, or it will threw out blisters after being spread. For this reason the 
auff” is generally made long before it is required, uud left for weeks to cool. Pure 
*r fat limes are generally used fur the fluke of economy, and for safety. Hydraulic 
ii»ei would require special attention to prevent them from blowing. Moreover, the 
utfaee of plaster made with fat lime is more absorbent, and less liable to encourage 
■ondemfttion, than that of plaster made with hydraulic lime, Salt water and sea-Rand 
iliould not be used, as the salts they contain would cause permanent dampness and cfHo- 
c-acence. The hair used by the plasterer in ordtT to make hts **coarse stuff 1 T bang 
jigctlier is obtained from the tanners’ yard* It should be long, sound* free from grease 
0 j 4 diit, thoroughly separated, beaten up, or switched with a lath, so as to separate 
he baits, and dried. It U classed according to quality as Nos. 1, 2, mid 3, tho lust being 
he bent. A bushel weighs 14-15 lb. While hair is selected for some work, but as it 
hould all be thoroughly covered by tbe coats subsequent to that in which it occurs, Its 
okitir is not of itnpoiianec- 

'Coarae staff" in a rough murtar contiiining 1-1 § part sand to 1 of slaked ltun< by 
neoaure, Thus U thoroughly mixed with long, sound ux hair (free from grease or dirt* 
iod well switched* or immersed in water to separate the hairs) in the proportion of 1 lb, 
lair to 2 cub, ft, of the stuff for the best work, and 1 to 3 for ordinary work. The sand is 
•em-rally heaped round in a cupular dish form ; the lime, previously mixed with water 
iO a creamy consistence, Is poured into tho middle. The bait ia tbe.u waA 
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worked in throughout the omas with a lake, and the mixture is left far aemal 
« cool” te. ho become thoroughly slaked* If mixed to a in ill, the hmt should -djk 
put in at the last moment, or it will get broken end torn into abort pieces. If t hm % 
sufficient hair in ooorra stuff for ceilings, it should, when taken up on a slat* *n 
hang down from the edg^s without dropping off For walls, tho hair may te r*lk# l» 
than in top stuff for ceilings, ** Fine stuff 1 * is pure lime flaked to past? with t tad 
quantity of water, and afterwards diluted with water till it is of the © 4 

cream. It is then left to settle; the water rising to the fop is allowed to na 4 
and that in the mass to evaporate until the whole has become thick enough fet m 
For some purposes a small quantity of hair la added- a Plasterer®* putty** is pw* tsa* 
dissolved in water, and then ran through a fine sieve. It is very similar to fiii- 
but prepared in a more careful manner, and is always used without hair. *G«aeri 
stuff" or 8 * putty and plaster," enntuina J-f plasterers* putty, the remainder bring ftuto 
of Paris. The last-named ingredient causes the mixture to set very mpidly, tat>i Ut=at 
be mixed in small quantities, not more being prepared at a lime than can beundk 
£ hour. Tho proportion of plotter used depends upon the nature and 4 ii 

work, the time available for ratting, the state of the weather, Ac., more bring irqtod 
in proportion us the weather is damp. An excess of plaster causes the coo tin r tonwA 
It is used for finishing walls and for cornices ; in the latter, the putty and pls*Uribjri£ 
be in equal proportions. 

Selenitic plaster is made with seleniiized lima, otherwise known as ralenitic ce nt 
described on p. 5S5. The method of mixing the material for the first e<*l of pkrtriag ! 
on brickwork is exactly similar to the process as carried out for mixing mortar. F<r 
plastering ou lath work and other coats the following directions should be followed t* 
the same quantities of water and prepared lime, as given, add only (M bush. deaniM? 
isand and 2 hods wellduiired lime putty ; the buir being previously writ hooked into tbs 
lime putty. Liinc putty should be run a abort time before being used. to guard 
blisters, which will sometimes occur. This mixture will be found to answer cqmPt 
well for ceilings na for partitions. If the sand is very sharp, us© only 6 bush, and to 
covering the hitb, and when sufficiently ret* follow with $ bush, sand for fleabag** ! 
straightening). For common ratling (or finishing coat of plastering), the -wifiMfy 
practice of using chalk lime putty and washed sand is recommended. But if abri 
selenitic face is required, care must be taken that the prepared selenitic hme 1* fire 
passed through n 24 by 24 mesh sieve, to avoid the possibility of blistering, and tirad tali* 
following proportions 1 pads water, 2 bush, prepared selenitic lime (pferiouJy 
through a 24 by 24 mesh sieve), 2 hods ehnlk lime putty, 3 bush, fine washed 
This should bn treated ns trowelled stucco; first wcU hand-floating the surfer* ad 
then well trowelling. A very hard surface is then produced. For selenitic day liisA 
take 5 pails water, I busb. prepared selenitic lime, 3 bush, prepared eohmtkdijt 
2 bush, firm washed sand, l bod chalk lime putty. This mixture, well lmnd*&wt*i tot 
fair face, and then well trowelled, wilt produce a finished surface equal Is Fart** *t 
Keene’s cement, and will be fetind suitable for hospital walls, public acho.'U b- 
Beiug non-absorbent, it is readily washed. The use of ground selenitic clay im|*7*w 
the mortar, anil renders it more hydraulic. When the selenitic clay is n^d, 2 \>wk 
may be added to 1 bush, prepared selenitic lime, the proportion of sand, LilU-i, t\ 
being the same as for prepared selenitic lime. The use of selenitic clay effect* > rr> 
siderable saving, as it is much cheaper ihnn lime. For outside plastering, umN led. ] 
dean sand; and for finishing rough stucco fare, 4-5 Lush, fine washed soul, u ik , 
proportion* of limn and water given. 

41 Bough east ** is composed of washed gravel mixed with hot hydraulic thru, *£* 
water; it is applied in a semi-fluid state. 

« Stucco ” is a term very VtoscVj Sa wwxvrtaa substaooes which differ eonobr* 

ably frotu one anolhej. These kwa ** htdivafe 
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formerly much used for external covering to walls, (2) Mixtures of lime, pi Rater* 
other materials for farming smooth surfaces on interna! walls, chiefly tboiae intended 
e painted. (3) All aorta of calcareous cements and plasters used for covering walls, 
mi non at hero ” consists of 3 parts clean sharp sand to 1 of hydraulic lime. It was 
h used at one time as an external covering far outside walls, but has to a great extent 
t superseded by cements of recent introduction. * Trowelled stucco rt is used for 
■ices intended to be painted, and is composed of $ fine stuff (without hair) and j very 
clean sand. 41 Bastard stucco ” is of tha sumo composition m trowelled stucco, with 
addition of a little Imir. u Rough stucco " contains n larger proportion of sand, 
'h should, moreover, be of a coarser grit. The surface is roughened, to give it the 

l 8cngliohi ,r is a coating applied to walls, columns, &r. t to imitate marble ; it is made 
faster of Paris, mixed with various colouring matters dissolved in glue or isinglass: 
with fragments of alabaster or coloured cement interspersed through the body of the 


* Marezzo marble " is also a kind of plaster made to imitate marble. Upon a sheet 
date glass urn placed threads of floss silk, wluch have been dipped into the veiniug 
urn previously mixed to a semi-fluid stale with plaster of Paris. Upon the expert* 

• and skill of the workman in placing this coloured silk the success of the material 
need depends. When the various tints and shades required have been put on the 
*, the body colour of the marble to bo imitated is put on by hand. At this ^tngc the 
is withdrawn, nod leaves behind sufficient of the Colouring matter with which it wus 
rukd to form the vein in gs and markings of the marble. Dry plaster of Purls is now 
ikied over to take tip the excess of moisture* and to give the p]niter the proper 
isfceaee. A ennv«s backing is Applied to strengthen the thin coat of plaster, which is 
wed by cement to any desired thickness ■ the slab is then removed from the glass, 
polished. Imitation marble of this description is employed far pilasters and other 
mental work. The bails of Marezzo marble* ns well as of Sc a gi join, being plaster 
'aria, neither of them is capable of bearing exposure to the weather. The 44 artificial 
de * now manufactured in London is made on the same principle as the Mnrezzo, 
differs from it in the character of the cement used. A less expensive table is also 
tit u ted far the plate glass, and the canvas backing is altogether omitted, 
dnjterers require a great variety of moulding^ ornaments, pateros* flowers, and 
r enrichments for the decoration of the work. These may be mad© either in plaster 
aris composition or in papier-mneh^. Plaster ornaments are cast either in wax or 
■aster, the latter process being used chiefly far large ornaments winch have an under- 
pattern. The ornament is in either cose first modelled in clay and well oiled. In 
ing wax moulds, the wax is melted, mixed with rosin, and poured in upon the model, 
agement having been made to prevent its escape ; the whole is then steeped in water, 
the wax becomes detached in one mass. When plaster is lut-d os the material far 
mould, it is laid on the model in plastic pieces fitted together, and then the whole* 
l dry, is immersed in boiJed linseed oil. In easting, the plaster In a semi-fluid state 
abbed with a brush into the mould. Composition ornaments are made with a 
uru of whiting, glue, water, oil, and rosin. The oil and rosin are tnelled together 
added to the glue, which has been dissolved in water separately. This mix lure is 

poured upon pounded whiting, well mixed, and kneaded up with it to the consist- 
of dough. When used, the material is warmed to make it soft, and is farced into 
rood moulds carved to tbo patterns required. Papier-mache is a much lighter 
vm! far ornaments than either composition or plaster, and it is much used for the 
ose, Cuttings of paper are boiled down and beaten into a paste, mixed with size, 
j*] in a mould of metal or sulphur, and pressed by a conn ter-mould at the back, so 
he reduced to a thickness of about £ in., the inner surface being parallel to the 
r surface, and roughly farmed to the same pattern, \a vsfl&ifa 
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of sheets of paper glued together, end forced into a metal mould to give the petto a 
required* In some coses* a composition of paper pulp and rosin is first plated h tte 
mould. This adheres to the paper ornaments moulded as above described, and Utas 
the lines and arrises of the mould more sharply than the paper alone would do, Cult* 


pierre is a aperies of pnpier-muche made with paper pulp t whiting, and size, preeboi um 
plaster moulds* Fibrous plaster consists of a thin coating of plaster of Puis on a re*.-* 
oisnvas backing stretched on a light framework. This mater lid bm great adnutUgtt 
Largo surf icca can be quickly covered without much preparation for fixing, as it u jvtf 
light, and it can, if required, be painted at once. 

Took .— The 11 trowel 1 * (Fig* 1333) should measure about 12 in. long, 4 in. whh\tk 
blade being of light good steel* and the handle well founded. The ** hawk *■ (Fig. 1340) 
baa a blade of hard wood, H in* eq*, J in* thick in the middle and reducing lo 1 in- & 


13 ». 




the edges, with a cleat in the hack to resist warping j the wooden handle is barely 6 in 
b>ng and under 1J in* thick* The * float *’ (Fig. 1341) is a hard board about 12 in. fo 
4 Uu and $ it*. thick, with n rieat let into the hack lo which the handle (bentwood) it 
attached. The **darby*' (Fig, 1342) is a pine board 4 ft* long and 4 fa. wiila, with* 

1340 . }34X 



handle like that of the hawk mrnr one end, and a narrow fiat strip near the other* The 1 
" scrutcher" (Fig* 1343) consists of a few short stripa of wood, pointed at the ctultid 
secured to cross-pieces at about 1 in, apart* In addition there are required m 
edge, a long plumb level, an angle block for corners, a whitewash brush, a priotiaf 
trowel, a paddle for finishing angles, mitroing tools and moulds, and light soaffridiug. 

Lathing .—The aimngement of the joists, Ac*, of floors ami ceilings Las already bwa 
described under Carpentry, pp* 334-40. Before beginning to lath a ceiling, it is 
to prove the under surface of the joists by applying n long straight-edge. and to make of i 
for any slight ineqiLilit.es in them, when the work is nut to be of a superior dimeter,!* 1 
imilitig on laths or btrips, A framed floor with ceiling joisb is tolerably sure to U 
Straight; but the ciLr]M?nter must previously have tested the lower surface® of the bouw 
or hinders, to ensure their accuracy of level with that of the ceiling joists, unless sis 
ceiling jrisU have been nailed to the beams. If u ceiling is to be divided into eraptib 
mi n II. tu panels, the projecting or depending portions must be bracketed or cr& Hi d doss 
to receive the luths* It is an important point to be attended to in plastering on folia, 
and ill ceilings particularly, t b *t the lath* should be attached to ns small a surfaced 
timber ns po^ible. because the plastering is not supported by ita adhe sion or uttaebm ?t 
t-p the wood, but by the keying of the mortar Usc-Jf, which pusses through between tte 
lathe, and bends round over them* If, therefore, the laths arc in constantly rtrumnf 
contact with thick joists and beams, the keying is as constantly intercepted, and tv 
pJaatvrilig in all such placet the portions between that are projv/1* 
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H- Under a aingle floor* in which the jnbts lire necessarily thick, n narrow fllli-t 
oulil l*o nulled along the middle under tlto wliola length of them, to receive the laths, 
d keep them at a sufficient distance from the timber to allow the plastering to kt^r 
der it; thtia, too, the surface may be made more perfectly even, ox it is m single 
ora that Inequalities mostly occur, 

Thu being all arranged, the plasterer commences lathing. The laths should be of 
& stronger sort. Thin, weak laths, if used in a ceiling* are sure to produce inequaU- 
a by rugging with, or yielding to* the weight attached to them* One or two weak ones 
a ceiHog of otherwise strong laths may be the ruin of the best piece of w ork* Laths 
pmiM be previously sorted, the weak, the crooked, and knotty, if there be such* being 
served for inferior work, and the heat and strongest selected for the work of most 
portends, so that the workman shall find none to his hand that is not fit to be brought 
Taking a lath that will r* ach over ft or 4 openings, the plasterer strikes a nail into 
□n one of the intermediate joiats, at about J in. from the one before it, and then secures 
& i-nds of that, and the one that it meets of the last row with one nail, leaving the other 
\ of the lath he has just set, to be secured in the some manner with the end of Hint 
rich shall meet it next in continuation. 

It is of importance in ceilings to pay attention to the bonding of the work. In 
hmg or quartering partitions or battened walls* the bonding is not a matter of such 
hterial consequence as in a ceiling, because the toothing which the thickness of the 
h itself affords tn the plastering, is enough to support it vertically ; but* nevertheless, 
o more couplets the keying, even in work of this kind, the better, as the toothing above 
11 tifit always protect it from any exciting cause to fall forward or away from the laths. 
io thinner or weaker sort of lath is generally considered sufficiently strong for parti tion* 
common lathing* the spaces between the laths thou Id be J in* If they be made less 
&n that, the clinches will not be strong enough ; ami if more, they will sag down on 
e ceiling* and drop off with their own weight on the sides. In no ease should the 
ices exceed * in*, except when the furring is very thin, like strips of lath nailed on 
*ide sheeting or ceiling* Most lathers break joints at every 6 th lath* and some even 
lh; but it is better to break joint* every 2nd lath* When ordinary laths aroused* 

; in, thick, the studding, joists, Ao., should never be over 1G in. apart—12 in. would be 
ler* Lathing is estimated by the s<|. yd** and is measured the same aa plastering, 
hunt deducting openings for doors, windows, Ac*, except when the opening exceeds 
sq* ft. 

faying owd Pricking stjaw— 1 When the lathing is finished, the work is either laid or 
eked up, according as it is to be finished with I, 2* or ft coats. 11 Laying *' is a thick 
t of rot*rso stuff or lime and hair, brought to an even surface with the trowel 
r; for this the mortar must be well tempi red, and of moderate consistence, thin or 
iat enough to p*ss readily through between the laths, and bend with its own weight 
r them, ami at the same time stiff enough to leave no danger that it will fall apart, a 
tiagency, however, that in practice frequently occurs, in oonsequeiicl of kadlv-com- 
e*3 or badly-tempered mortar, unduly close lathing, or sufficient force not having been 
i with properly consistent mortar to force it through and form keys. If the work is 
be of 2 emits, L e. 44 laid and tet" wht n the laying is sufficiently dry, it h thoroughly 
pt with a birch broom or scratchcr to roughen its surface, and then the ** set,” a thin 
of fine stuff is put on* This is done with the common trowil alone* or assisted by 
rttttd hogrf-hrUtle brash* whicli the workman uses with his left hand to strike over 
surface of the set, while he presses and smooths it with tho trowel in his right* If 
laid work should have become very dry, it must be slightly moistened before the set. 
ut on, or the latter, in shrinking, will crack and fall nwny* This is generally done 
sprinkling or throwing the water over the surface from the brash* 

For “ floated," or 3-cost work, the first, or u pricking up/* is roughly laid on the 
a, the object being to make the keying complete, and lottn a \tt 3 t 1 n! vutto vsw. 

% -a* 
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laths to which the next coat may attach itself* It must, of course, be kept of equal thick* 
ness throughout, and should stand about |- \ in, uu the surface of the Luka* WIilii it 
is finished, and while the mortar is still quite tuoist^ the plasterer 1 scratches or HQttl it 
all over with the cud of a lath or the scratched* These floorings should be made m drep 
as possible, without laying bare the laths ; and the rougher their edges are the better, 
as the object is to produce a surface to which the next coat will readily attach %Ue\t 

When the 41 pricked-up * coat in ao dry as not to yield to preesun© in the tllghtart 
degree, preparation a may be made for the “ flouting." Ledges, or margins of line an t 
hair about 0 in* in width, and extending across the whole breadth of a ceiling* or \>vv*bt 
of a wall or partition, must be made in the angles or at the borders, and at distance* d 
alp»ut 4 ft. ajiart throughout the whole extent. These must be straight with Oticaliutbtr, 
ami be proved iu every way by the application of straight-edgea* Technically the« 
ledges are termed “ screeds.” The screeds are gauges for the rest of the work ; for who] 
they are ready, and the mortar in them is a little set, the interspaces ore filled up flash 
with them, and a darby float, or long straight-edge, being made to traverse the m^Ii, 
all the stuff that projects beyond the line is struck off, and thus the whole is brought to 
a straight and perfectly even surface. 

To perfect the work the screeds on ceilings should lie levelled, and on wall* *rH 
partitions plumbed. When the floating is sufficiently set and nearly dry, it is 
with a birch broom as before described, and the third coat, or u set*' is put on* Thu It 
a line ceiling that is to be whitened or coloured, must he of what plasterers call ‘patlj** 
but if it is to bo pipered, ordinary fine stuff, with a little hair in it, will be Mto 
Walls and partitions that are to be papered are also faced with fine stuff, or rough itueft, 
but for paint the set must be of bastard stucco trowelled, 

Plastering in external walls requires the addition of some hydraulic cement to dm 
mortar. The sealing of plaster liable to the action of water and frost is said by Qkiu'Mli 
to be prevented by mixing sawdust with the mortar. 

Whitewashing .—This is also known aa caloiminiug and distemper pain ting. 

Whitewash U made from pure white lime mixed with water. It id used for cmm^i 
wails and ceilings, especially where, for sanitary reasons, a frequent freak apphmfi* 
is considered preferable to any coating which would last better, It readily comet otf 
when rubbed, will not stand ruin, uor adhere well to very smooth or non-poions surf*** 
It i a cheap, and where m-ed for aauitary reasons should bo made up of hot liro© it*l 
applied at once, under which conditions it ulan adheres better. It is improved by mldinf 
l lb. pur© tallow (free from salt) to every bushel of lime* The process is generally 
described os lime whiting.” The following is ft method recommended for makimf 
whitewash for outside work. Take a clean water-tight barrel, and put into it | tank 
lime. Slake it by pouring water over it boiling hot, and ta sufficient quantity to& ir 
it 5 in* deep, and stir it briskly till thoroughly staked* When the staking has torn 
effected, dissolve it in water, and add 2 lb* zinc sulphate and 1 of common salt; ttaw 
will cause the wash to harden, mid prevent its cracking. 

Common colouring is prepared by adding earthy pigment* to the mixtures u*rd N 
limo whiting. The following proportions may be used per bushel of linn*: more or Isa 
according to the tint required:—Cream colour, 4-6 lb, ochre ; fawn colour, G-S H 
umber, 2 lb, Indian red, 2 lb. lampblack ■ buff or stone colour, 6-8 lb* raw umber* i*d 
3—4 lb. lampblack. 

Whiting is mad© by reducing pur© whit© chalk to a flu© powder* It is mixed *iili 
water and size, and used frr whitening ceilings and inside walls* It will not »fsM tl* 
weather* Tho best method of mixing it is in the proportion of & lb, whiting to 1 f» 
double size, the whiting to he first covered with cold water for 6 hour*, then tmxed writ 
the size and left iu a cold place till it becomes like jelly* in which condition it i* nwn 
to dilute with water, and use* It will take 1 lb* jelly to every fi super* yd. Whiting » 
mad© in 3 qualities—* common,!* “ town” ^Idera-" It is sold by weight to 
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ronlnlrung 2-10 cwt, in sacks containing 2 cwt., in firkins (very small casks), in bulk 
and in small hulls. 

Distemper is the name for alt colouring mixed with water and size. White distemper 
u a mixture of whiting and size, The best way of mixing is as fellows:—Take 6 lb. 
hat w biting and soak it in toft water sufficient to cover it for several hours. Pour off 
ike water, and stir the whiting into a smooth paste, strum the material, and add 1 qt. 
1 , 1*0 in the state of weak jelly; mix carefully, not breaking the lumps of jelly, then 
•train through muslin before using; leave in a cold place, and the material will become 
a jelly* which Is diluted with water when required for use. Sometimes about A table- 
#pionful of blue black is mixed in before the size is added. It is sometimes directed that 
the size should be used hot, but in that case it docs not work so smoothly as when used 
in the condition of cold jelly, hut on the contrary drags ami becomes crumpled* thus 
causing a rough surface. When the white is required to ho very bright and clean, 
potato starch is used instead of the size. Coloured distemper is tinted with the same 
jdgtnents as are used for coloured paints, whiting being used os a basis instead of white- 
lead <ir zinc white. In mixing the tinls, the whiting ls first prepared, then the colouring 
pigment, the latter being introduced sparingly; size is added, and the mixture is strained. 
The colours arc classed as “common,” * l superior,** and 41 delicate, ,f 

If the ceiling is new, nothing further is required than a coat of good Paris white 
(whiting yf a superior kind), with just sufficient glue-size added to bind it, provided the 
finishing plaster w ot of gond workmanship; but if inferior and very porous, it will require 
a preparation of strong size, soft-soap, and a handful of plaster of Paris, For old ceilings, 
all the previous whiting, Ac., must be thoroughly washed off with an old whitewash 
brush find hot water, and allowed to dry before re-whitening. When this is done, if the 
ceiling is lt hot '*—I* c. porous, and soaks in the moisture very quickly—it must be 
prepared with a mixture of l handful lime, the same of whiting. I lb. glue, I lb. soft- 
soap, and, if smoky or dump, about 2 nz. alum, 1o make u pail £ full. When this is dry, 
it te ready for the finish. Use the preparation thin. To pre|wire whitewash properly, the 
whitmg should be waked overnight in plenty of water, thoroughly stirred up to wash it, 
and allowed to settle till the morning, when all the water possible should be drained off* 
Tho size should likewise be melted the night before use. so ns to be jellied by the 
morning. It works better when cold. About J lb. glue is required to I gal, water, 
which, with the water taken up by the whiting, will make it ready for use. Before using, 
the size and whiting should he broken up separately and strained through a fine Steve ; 
then mixed and strained again. Before putting on the whiting, shut all doors and 
windows to exclude the drought, hike a sweep right across the room, and continue till 
finished. If 2 are engaged at it, so much the better, as it requires to be done quickly; 
be cart ful to cover well, or you will not make a nice job, When finished, the doors and 
fcrfvtduwi can be opened, as the sooner it dries after it is once on tho more even and solid 
will it look. For whitening and colouring walls, great care is required in preparing 
ttitfn ; all the old stuff is to be cleared off. well rubbed down with dry lump pumice, all 
holm well and evenly stopped with plaster of Paris, and a preparation of strong size, 
whiting, and alum, thickly laid on, of the colour you are going to finish, but a little 
darker in shade. When this is welt dry, rub it well down to a good level and smooth 
face with lump pumice or coarse sandpaper. The finishing coat may he made in tho 
same way for the ceilings ; hut if exposed to the liability of being touched or rubbed 
against, a little more nr stronger size is to be used; and if in any way to damp, a little 
alum . To get any of the colours required, it is merely necessary to get the dry powders 
uiid rub up with the whiting, prior to mixing with size, adding by degrees till the 
*eqaired depth of tone is arrived at. For the different abodes of drab or stone-colour 
yellow ochre, umber, black, and red are used. For shades of blue, from tho French. 

'V* jiky blue, ultramarine, Ac. (Painting far the Jtf/flion. 1 ) 

If glue is employed to give body, it is destroyed by the wcft&tv 
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lime, and in consequence the latter easily rdbn off the walls when dry. Thii I* ! 
Hie cahl- also if the lime is employed, as is often absurdly recommended, bimpb | 

in wat?*, ami used without any fixing material. Limewaeh is prepared by ptaag | 
some freshly-burned quicklime in a pail, and pouring on sufficient water to covet it; boiled 
oil (linseed) should then he immediately added, in the proportion of I pint to l guL 
of the wnslu For coarser work, any common refuse fat may be used instead of tbo 
boiled oil* The whole should then be thinned with water to the required consistent 
and applied with a brindi, Caro should be taken not to leave th* brush in the lins- 
wash for any length of time, ns it destroys the bristles. In lime-washing, Kufcun 
tallow is frequently used in preference to any other fatty matters. ( Terj^tmeicrJ) 

No brick wall that ever is intended to be painted should bo whitewashed. All 
washes absorb water, and in damp weather lose their colour. Fur 1 barrel of mlmu 
wash take 4 bush, white lime, 3 pecks hydraulic cement, 10 lb. umber, 10 IbbOcte* 

1 lb. Venetian red, f lb. lampblack. Slake the lime, eat the lampblack with iin<i*xr, 
mix well together, add the cement, and fill the barrel with water. Let it stand far 
12 hours before using, and stir frequently while putting it on. This is not white, but 
of a tight stone colour, without the unpleasant glare of white. The colour may h 
changed by adding more or less of the colours named, or other colour*. This «ith 
covers well, needing only one coat. A rough board barn washed with this will bl 
well for 5 years, and even longer, without renewing. The cement hardens, but « 
a rough surface will not scale, (Sweat Aiwer.) 

A wash which can he applied to lime walls and afterwards become waterproof*'^ 
to War washing. Resenaehek, of Munich, mixes together the powder from 3 jart» 
siliceous rock (quartz), 3 parts broken marble and sandstone, 2 parts bumud poiwliit 
clay, and 2 parts freshly slaked lime, still warm. In this way a wash is made which 
forms u silicate if of ton wetted, and becomes after n time almost like stone, Tfo 1 
4 constituents mixed together give the ground colour to which any pigment that con t* 
used with lime is added. It is applied quite thickly to the wall or outer surface B 
dry one day, and the next day frequently covered with water, which nmkea it waterproof 
This wash can be cleansed with water without losing any of its colour; on the contra^. I 
each time it gets harder, so that it can even be brushed, while its porosity mat** t* 
look soft. The w&fih or calcimine can be used for ordinary purposes as well « H 
the finest paiuling. A so-called fresco surface can be prepared with it in the dry wxy 
Well wash the ceiling by wetting it twice with water, laying on as much as «ri *dl 
lie floated on, then rub the old colour up with a stumpy brush and wipe off with * l*is* 
sponge. When this is done, stop all the crocks with whiting and plaster of Tin* 
When dry, olatreole with size and a little of the whitewash. If very much | 

when this to dry, paint those purts with turps, colour, and, if necessary, claircoTe Agwia- j 
To make the whitewash, toko 12 lb. whiting (in largo balls), break them up in i pdl 
and cover with water to souk. During this lime melt over a slow fire 4 lb, common fttf* i 
and at the same time, with n palette knife or small trowel, rub up fine about a d*>$to* 
spoonful of blue block with water to a fine pnste; then pour the water off the top d 
the whiting, and with a slick stir in the black; when well mixed, stir in the m»M 
size and strain. When culd it is fit for use. If the jelly is too stiff tm u*c, beat It odl 
up and add a little cold water. Commence whitewashing over the window, and m otffc 
from the light; lay off the work into that done, and not all in mo direction. ** £*- 
painting. Distemper colour of any tint may be made by using any other colour in4«*i 
of the blue black —as ochre, chrome, Dutch pink, raw sienna for yellows and bu&, 
Venetian red, burnt sienna, Indian red, or purple brown for reds; celestial bloc* utm* 
marine, indigo, for blues ; red and blue for purple, grey, or lavender; roblesd wd 
chrome for orange ; Brunswick green for greens, (SwffAer,) 

1 doz, halls of wbitvng, 2 Vb, tm, and 1 oz. celestial or ultramarine bine, wdl i 
about 12 eq. yds. Take vhe water that you 






Koofinq. 


C13 


work it about in n bucket with a stout utiek. Fat about 1 pint water in a 3 qt. 
teiuo jjat>, and boil; take off the fire, and drop your size into it, and let it stand upon 
tiie hob until melted When tolerably nna, pour into your whiting, being careful to 
keep stirring it. Mix up your blue with a tbit stick upon a slate or board, and add 
until it becomes of the shade required. Lime that will produce a fust lime wash is 
burnt in the bottom of brick kilns, the bricks upon the top, and fired with heath, fir 
loppings, coal, wood, ferns, and gorse. The sand from the bricks, the chalk, and the 
potash from the wood combined, cover the chalk or lime with a silicate soluble in water. 
To use this, get it fresh burnt, break it up, and pour boiling water upon it; it subsides 
into a beautiful cream-like consistence. This, owing to the soluble silicate in It, must be 
used and mode fresh. It is fast, and frequently presents a glazed surface, and, if uot 
put cm too thick, is very durable, A peck of lime will do about *20 sq. yd.; this is 
merely lime—the fresher the better. Slake it. Make it of the proper consistence, and 
add to every bucket one gill of turps and linseed ell, mixed. Some use tallow, 
some size. 

Lime is always apt to turn a bad colour. The way to whitewash a coiling is to first 
thoroughly wash with cle an water—not one pail, which speedily gets dirty, hut with 
Eevend Then steep balls of whiting In water, and the next day reduce them to a thick 
ereturn Put a kettle cm the fire, with sufficient size, and when hot pour it on the 
whiting, adding at the same time some finely-ground blue black. The proportions are, 
my% ft balls whiting, 2 lb. size, and |-I oz, of blue black, according te> tLisle. The 
mixture must be allowed to cool before using. To limewusb, clean first, and then 
proceed to make up the following: Take £ bush, lime, and slake it ; add 1 lb. common 
salt, | lb. white vitriol, and 1 gal. skim milk. With a clean surface, this will nob 
shell off, neither will llmewash and size, when properly prepared and laid on a clean 
surface* 

Milk distemper is almost equal for body and durability to oil paint, besides being 
free from offensive odour. In houses where sick and Weakly persons arc located, the 
mtlk paints may with advantage be used for ceiling and wall painting. The ingredients 
for making this paint are os follows : 1 gal. skim milk, 1 lb. newly slake*l lime, § lb. 
pale linseed oil, and about 8 lb. Spanish white, or best washed whiting. Beat up the 
oil in the lime with a little milk, having previously put the powdered white in the skim 
milk to dissolve. When the lime and oil are thoroughly amalgamated, add the paste 
so formed to the milk and Spanish white mixture, and stir up the whole with a spatula. 
This paint dries in about 1 hour. One coat is usually sufficient for walls or ceilings, 
but 2 coats are absolutely necessary for new work. Care must bo taken that the milk 
b not sour, for in that case it would, by uniting with the lime, form an earthy salt, 
which could not resist any moisture that may be in the air, nor even dampness that 
■ometimes finds its way into the interior of walls. The milk paint may be tinted any 
colour by the addition of ordinary dry or damp oolonn, 

ROOFING.—The subject for consideration in this section is the covering of build¬ 
ings for the purpose of protecting them from the weather. The wooden framework for 
supporting the covering material has been already described under Carpentry (pp. 84 (M3) ; 
there remain for discussion here the various kinds of material used for covering, and 
the methods of securing them in place. The first detail to be decided on is the ** pitch ** 
or slope to be given to the roof, and this will depend bolh on the nature of the covering 
material and the character of the climate. In the tropics, where rain falls in torrents, 
a flat pitch helps to counteract the rush of water; in colder regions the pitch must bo 
such os to readily admit of snow sliding off as it accumulates, to prevent injury to the 
framework by the increased weight. The pitches ordinarily observed, stated in “ height 
of roof In parts of the span," are ns follows Lead, ^ ; giilvanizod iron or zinc, J; slates, 
I ; stone, slate, and plain tiles, £ , pantiles, thatch, felt, aud woodeu. ahuttjAfe* V 
The various method# of rooting will be dismissed in urdut. 
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Thatehituf .—la country districts the roofs of cottages and outbuild Inga are rreque it!/ 
covered with thatch. This consists of layers of straw—whento lasts twice us long »i 
oaten—about 15 in, in thickness, tied down to laths with withes of straw of with slrsjrg. 
Thatch h an excellent no n -conductor of heat, and consequently buildings thus roofnl nr* 
both cooler in summer and warmer in winter than others, and no better roof cohering far 
a dairy can be found. Thatch is, however, highly combustible, and as it hartoi 
vermin and is soon damaged, it is not really an economical tnutemlj thouirk the tflit 
coat is small. A load of straw will do 114 square* ” of roofing, or 150 superficial fe*4 
First class thatching is an art not readily acquired, While really good thatching nil 
stand for 20 years, average work will not endure 10, 

The operation may be briefly described os follows. For renewing an old thatch Ik 
best and cheapest material is ** stubble w (the lower at id stifler half of w h eaten atr**); 
but for new thatch, stubble is not long enough alone, and must be used with &trxw„ or l* 
replaced entirely by straw. Tbe material is thoroughly soaked with water, and tires 
straightened out with the bands so hr to arrange the straws all in one direction, tenant 
'* drawing.** When a double handful (called a 14 y Given rt ) has ln-etj thus prepared, it i> 
laid aside, until a sufficient number are ready to fill a “jack” (large forked stick), i* 
which they are placed just so much out of the parallel as to be ©nsily separated. A small 
hook in the jack permits it to bo hung from the thatcher s ladder. 

Cbmmencing at the eaves and working upwards to the ridge, be proceeds to tar* 
strip of thatch on the opposite side of the ladder from that carrying the jack. The strip 
laid (technically a ** stelcb”) is of convenient width for tbe workman's reach ; it will t* 1 
of equal breadth throughout if the section of roof is square, or taper gradually upwsrJi 
if the area is triangular. The thatcher commences by forming the eaves at the bottom *4 
tbe steljh, and fastens this portion securely before proceeding to the next yelveu, Tbs 
mode of fastening varies: in renewing old thatch, the new matt rial is secured by thrill 
ing the upper ends into the old thatch by n wooden ppur; in new thatching, the straw** 
bound to the rafters and laths with tar cording, passed, by means of a huge aeedfc 
through the straw near tbe upper cad of theyelven, where it wdi be covered by tbeiait 
instalment. Each succeeding addition as the work advances towards tho ridge is m*dr 
to overlap the preceding one, nil except the lower end* and is secured by tbe U? 
carding. 

When the whole steteh is finished from eaves to ridge, the thatch is combed statist 
by a short-toothed wooden mko. Every succeeding stcJch must be so united to it* pit- 
deoessor that no gap or weak part is left hi mark their junction, or such a spot will iuut 
be watertight. The security cf the tlmtch h Further ensured by furnishing it with i 
series of buckles and runners on the outside. Buckles are a kind of huge wooden hur- 
pin, made by splitting withes, shaving the middle somewhat thinner than the remainder, 
twisting it 2 or 3 times, bending it end to end, cutting it to a length of 12-18 in, and 
pointing tbe ends. Runners are simply long strips of split withe, laid in homorjul 
hands on the thatch, and held by tbe buckles, which are thrust upwards intu the ihatrk, 
as shown at Fig. 1344: o, thatch ; b , laths; c, rafters; d* tar cording; c, bciddei; 

/, runners. 

The buckles arc placed at d to 12 in. apart, and 2 series of buckles and runners *r* ( 
generally adopted, an upper Berks just below Ihe ridge, and a lower just above the 
with additional aeries whenever there is exposure to strong winds, Tbe r*vc* we 
trimmed off evenly with shears. The best method of finishing off at the ridge uhj* 
kind of plaiting of the straw, not easily described, A simpler substitute is to plaster *tih 
road-dirt, and plant a weed such as housclcek or slonecrop m the soil 

In the western counties of England, the word straw is applied only It* the stems*d 
barley and oats ; wbeaten straw, after it has been deprived of leaves by a ruugh combine 
is tied in small bundles called \\kks," kfisnea wa u veed” In thatching, the hull 
©nd of the wed is Inld outwards co\i t\i*s wak ^ ^ io j 





Hoofing— Thatching, 


615 



buildings (but not on ricks) is shaved over with a sharp sickle. Long strong reeds 
found in the marshes, me h as Skpton Lea, are out at certain seasons and stacked in 
bundles for similar application, 

Byrne describes thatching as generally made of wheaten straw, laid on lathing and 
rafte rs, which may be of the same strength ami placed the same distance apart as fur a 
common slated roof; but in country 
places, whore thatching is mostly 
used, the rafters are generally 
formed of the branches of trees of 
3—G in- in diameter; the slighter 
they are, the better, provided they 
mro sufficiently strong, ua thu lighter 
the roof, the loss strain there is on 
the walla : of course, if the rafters 
ure slout, they should bo plnred 
farther apart than slight rafters ; 
and if the rafters are far apart, the 
lathing must be stronger, otherwise 
tlu» thatching will bag, or lie in 
hollows between the rafters. The 
t&mw is laid on the lathing in 
small bundles called “ indiums,'* 
until it attains a thickness of 12-1 d 
in*: it is fastened to the rafters 
with young twigs find rope-yarn. 

A good pitch for a thatched roof is 
45°, or, os it is technically called, a true pitch: if the pitch in made less, the ruin will 
not nm off freely; and if a greater pitch than 45° is used, the straw is found to slip 
down from its fastenings. 

Thatchers* tools are as follows A common stable fork is used to toss the straw up 
together when it is wetted, preparatory to its being made into bundles for use, A 
tbatellers’ fork, Fig 1345, is a branch of some tough kind of wood, cut with 2 smaller 
branches proceeding from it, so as to form a fork, as shown ; the joint of the 2 branches 
id generally strengthened by a small curd, to keep it from splitting when it is used. A 
small cord is fastened by one end into one of the ends of the fork, and a loop is spliced 
ou the other end of the cord; this loop is made to pass over the other end of the fork* 
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»ml to lit into a notch out to receive it. This tool is used to carry the straw from the 
h< 2 ip, where it has been wetted and prepared, up to the tlmteher an the roof, whore it is 

to bo used. 

The tlialchera* ruke. Figs, 1S4G to I34S, should have a Wn&\fc at w^v\ erc 
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wood, made square, bo that ft may be grasped firmly without fear of its & lipping mtud it 
the hand : the Arrises may be slightly rounded off* eo Ad not to hurt the baud. It 
be #€*m by referring to Fig. IM7 that a crook is formed in the handle; the re«ci& 4* 
this will be explained when we come to speak of the manner of using the diffrnst 
tools. The use of this tool is, after the straw is laid, to eoiub it down straight && 
smooth- 

The tlmtcherB 1 knife, or eaves' knife, is similar in shape and make to the reap-hook, 
except that it is larger, and not curved bo quickly. The use of this tool is to cut aid 
trim the *traw to a straight line at the eaves of the roof. 

The Ihiiteher also requires a knife shaped smelling like a bill-hook, to point thr 
tw igs used for securing the straw ; a half-glove or mitten, of stout leather, to protect Us 
hands when driving in the smaller twigs, called spars ; a long flat no.*die, Fig. 1243, & < 
pair of leather gaiters, to come up above the knees, to protect his knees and ah rat wtueti 
kneeling on the rafters : a sharp grit-stone to sharpen the knives. 

As before stated, the rafters for a thatched roof may be of round timber, such as tjjs 
branches of trees, and young trees, of 3-6 in, diam., placed not more than 14 in. fra© 
centre to centre, but sometimes lb© rafters are of sawn timW: in that case tiny sboukl 
he cut about the same scantling as for a slated roof, not m for a tiled roof. The lathing 
in a thatched roof being very liable to rot, it should be split out of heart of oak, or soma 
ether equally durable wood- the laths are alwut l£ in. wide, and J-f in. thick, and aw 
muled on the rafters about 8 in. apart in a horizontal direction, ju*t the same us for > 
tiled or dated roof. If the laths are placed farther apart than 8 in„ the straw is apt fo 
bag or sink down between them; the rain lodges in the hollows, and of course soon rota 
the straw'. An eaves* hoard about 7 in wide is required to btart the first port of tad» 
course of thatching upon. 

The rafter and earn* board being fixed, and thy lathing nailed on in rows at tlw 
prescribed distance apart before mentioned, os much straw- is taken as it is thought will 
be required lor the whole roof, which may be got at by estimating a square to take 3^* 

3$ ©wt. of when ten straw : care should be taken to keep the fibres or stalks as parallel to 
each other as possible. As each truss of straw is opened, it is spread out and wetM, 
using about 3-4 gal, of water to each truss. The straw is then tossed over and mixel 
together in one groat heap with the stable fork, bo that every part may* get an equal 
portion of the water. If the w eather is fine and dry, the straw may be used directly; hot 
if the weather is damp or rainy, the straw’ should be allowed to lie for a day or so to 
drain, aud bo once more turned over. Thu reason fur wetting the straw is to mak* it 
lie close, and to enable the ilmtcker*s labourer more easily to draw the stalks ail 
parallel. 

The l hatcher and his labourer being now ready to commence, the labourer tjtftah 
as much of the straw on the Hoar as will make a bundle 12 in* wide and 4 in. thick ; tl» 
labourer then stooping down, with his left hand draws the straw* little by little, to hd 
foot, ami while doing so, with his right bond draw’s out any loot© straws that may U 
lying crosswise: by this means he gets a compact bundle of straw 3 fl,-4 ft Imt 
according to the good dobs of the straw’, and all the atalks are parallel This bundle if 
called a u lujllum" The labourer having placed 4-6 heliums crosswise in his thatetuax 
fork, he carries it on his shoulder up to the thatch it on the roof, in the sum© manner #* 
a bricklayer a labourer carries a hod of mortar : the fork is secured on the roof by a ieull 
peg and a piece of string. 

The thatching is now laid in courses 3 ft w ide, beginning at the right end of the r°°f 
so that the t hatcher works from right to left The courses are laid parallel with tb* 
©Afters, and not parallel with the lathing (as is the case in slating and tiling). 
must l»o taken ut starting the eaves to have a good firm body of thatch, let ring the ***** 
hang OK to t* afterwards trimmed with the eaves* knife to a straight and good-loaldof 
odge, A row of 3 \n U&rus is ow ©ath. Wh in the ©curse, and **ri) 
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mw of heliums ii secured to the rafters with a young tough twig* called a M ledger/' 
•UjuI i ft, lung and 1 in- diam.: each row of heUama is also secured to the row under- 
tuAh it with 3 split twigs, called spurs, about 2 ft. long, and Scan be split out of a 
br nrii 2 in, hi diameter; they are pointed at both ends, and are then doubled in two, 
and the thateber gives them 2 twists round in his hand, in the same manner m a rope ia 
twisted; this gives tbo spur a splintery surface, and enables it to hold on when driven 
inti the straw. 

The tlutteher hsj a leather glove on his right hand: and keeping bis liaud flat or 
Open, he gives the hpar 2 or 3 smart blows, sufficient to drive it into the straw; the 
leather serves as a protection to the lumd. The spars must be soaked in water for some 
hours before they are used, in order that they shall not break in the doubling up. 

The •* ledger” is a tough twig, about 4 ft. long and l in. thick, as before described; 
ono fend is pointed, and driven or ruther pushed in. under the outside rafter of the 
mtirsc: it U then brought over the top of 2 rafters, ami over the top of the heliums, and 
then secured to the inside rafter of the course with about 8 ft. of rope-yam, by means of 
tbtr Jong fiat needle, thus bolding down the row of heliums, and preventing them from 
•tipping off the roof. In *pe>iHug of the outside and inside rafter of a course, it is meant 
by the outside rafter, the rafter that is farthest from the thatoher; and by the inside 
t -tier tlie one that is nearest to him ; and thus the inside rnfter of one course becomes 
the outside rafter of the next course. 

The thateber gives each course, as it is hid, a combing down with his rake, to got out 
the loose straws: ho then takes a bucket of water, and throws it right down the course, 
ari l gives* the straw u good beating with the back of his rake, to break any stubborn 
straws and to make it all lie close: ho then finally gives it another combing* and alter 
that smooths it down with the back or flut side of his rake, ami it is finished. 

It will be seen by referring to Figs. 2078 and 20St), that a crook is formed in the 
handle of the ruke. The reason for thus crooking the handle is to keep the thatcher'a 
hand from contact with the straw* and thereby save Ids knuckle a 

The ridge and hips are managed thus;—The thatoher, in doing one side of his roof* 
h*kes care to leave a good length of screw hanging over and past the ridge. As he 
finishes the top of each course on the other side of the roof, he bends down the tops of 
the first side, and covers them over with the last row of heliums on the last side, bending 
these last In their turn down over the other side of the root The ridge is then secured 
on each side with 3 row's of bauds or spars, placed end to end, and each spur is secured 
with 3 other s|tars to thatch. In the Casa of the hips, there are no hands uf spars, hut 
single tpars, 12 in. apart, are bent crosswise ever the hip, and secured w ith 3 other spars, 
as before. The caves are also secured with 2 rows or bunds of spurs, Wbeaten straw 
thatching, done as here described, will last in our climate for 13-20 years. Oat straw, 
about 8 ymrs. 

Shingle* ttr thick *.—A convenient roofing material w hen wood is cheap and abundant 
**iib»Mie of a kind of H wooden slates, H split pieces of wood measuring about £) in. long, 
5 ilk wide, and 1 in. thick at one cud but tapering to a sharp edge at the other. 

Shingles, or wooden slates, are made from hard wood, either of oidc, lurch* or cedar, or 
my material that will split easily. Their dimensions are usually 6 in. wide by 12 or 1.8 
in. long, and about \ in* thick. They are laid in horizontal courses of 4 or 5 in. gauge, 
nailed upon board*, the joints broken, commencing with the eaves 1 course. The ridge is 
secured by what is called a ridge-board, or a triangle of inch stuff of fl or 8 in. each side. 
In America, where this roof is commou, the mechanics have a special tool for shingling, 
calkd a shmgle-axe, with a hammer at the buck. 

Ftlt .—Roofing felt is a substance composed largely of hair sat united with an asphalt© 
com position, and should be chosen more for closeness of texture than excessive tlnoLnem 
I t U sold in rolls 2 ft. 8 in. wide and 25 yd. long, thus containing 21)1) ft. super in a roll. 
Bdon the felt is in id on the hoiirds {f-iu. close boarding;')* a 
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ground whiting and 1 gal coni t*r f bailed to expel the water, 1* applied, wtiiLs 41 I 
slightly w'ann, on the Itoards thi<mieWes: the felt is then laid on* taking ©are to I 

smooth and tight, and the outside edge ia nailed closely with sine ur tinuid t*±> 1 
The second width of felt laps the first 1 in* at least, the joint receiving a little d'h I 
goto position, and the tacks paisa through both thickueoes of felt, and #> on IfU th«* *fc~* 1 
of the roof is covered* Then the surface requires a coat of the e< Hn pnailion, ami m ' ’ft » 
weeks a second or finishing co&t, when it will need nothing for 3 or 4 years, htfiMai I 
receive one the moment it begins to bleach. The gutter* and ridge *r« grnertHt h! 1 
thicknesses of felt. A dry day should be selected for the work. The most I 

application on the felt is simple coal tar brushed on hot and sprinkled with disrp os! I 
while still fresh. 

Daehpappe.—' This is a kind of asphalte pasteboard much employed in Dwanr 
is laid on close boarding at a very low pitch, and forms a light* durable covering, bvrts£ 
the non-conducting properties of thatch* It is sold in rolLs 2 fL 9 in, wide and tv ft 
long, having a superficial content of 74 ftp yd*, at the rate of l<f. per sq. ft. When W. 

It requires dressing with an asphalte composition colled ** Erieb^on’s mastic," M * 
9a. 9d. per cwt., 1 cwt. of the varnish sufficing to cover a surface of G5 sq. yd.; Sam ■» 
nails, for fastening down the pasteboard, cost 13d. per 10*>0, this number being stw^kt? 
nail down 15 sq. yd* The method adopted in laying the pasteboard is as follows :-The 
framework uf the rm>f is covered in with dry wedl seasoned boards, J in* to 1 in. ifai?k,fe! 
net above C in. broad. If they are not sufficiently dry, they should be split !enrih*v« 
Wore In ing laid down, in order to keep them from warping* and every hoard eh col 
be fastened with 3 Dads at least to each of the rafters* This splitting prevent* pe 
shrinkage of the wood from exercising any injurious effect on the pasteboard roofinr 

WiVr*l<?n paper .—This is another extremely light, durable, and w aterproof 
matt rial* which differs essentially from the 2 preceding substances in needing be&tsd 
to r iftcrs or scantling* and requiring no boarding on the roof. It h a kind of cafdhwl 
treated with cuprammonhitn solution, and has become a recognized eamtncfiial arf-dr. 

It U made in rolls of continuous length, 54 in. wide, consequently, when fixing thr i£. 
width of the can! (to avoid cutting to waste), the rafters should bo spaced out 2 ft 1 te- 
apart from centre to oenlre, so that the edge of one sheet of card laid vertically frm 
dvea to ridge w ill over]up the edge of the adjoining sheet 4 in* on every attentate rjfs«, 
and be there fixed with outside batten as spicified below* For sides and end* of 
partitions, ceilings, Ac., the uprights or timbers against which the adjoining sfccttj*' 
the card an? overlapped and fixed should be placed 4 ft, 2 in, apart from centre to revt*. 
with or without an intermediate upright In all cases the card must be fixed vdi 
outside wooden battens (2 in. by 1) and strong nails (or screws) driven through ike bdlev 
and curd to the mfier or framework. The curd is thus gripped between the hat tea i*i 
tiie framework. For ordinary roofing, the nails or screws should not be leas than 2| t 1 
24 in. long, so as to provide firm holding. Iron bauds bolted or screwed through Kh* 
card will servo in place of battens (when desired) for curved roofs, lean-to"s, Ac. 

At every joint the edges of the adjoining sheets must overlap each other 3 or I :x 
atul be fastened by outside batten, as above specified; by this method wry securefiiiij 
and waterproof joints are ensured. A11 occasional screw U also recommended. E*4 
sheet for roof should be cut long enough to extend from eaves to ridge, allowing suflkirvi 
length, not only to permit an overlap at the ridge, but also for turning up under tk 
uaves-boards, there to bo secured by a batten as before described. 

In email structures, where the span is inconsiderable, the card by prefereoiv may \* 
laid from eaves to eaves in one length, without joint at ridge. The sheet or *hj 
111 position may be tacked down, while the battens are being fixed a* already duscnhM 
Frv vious to fixing, the card, being in a contracted state when cut from the roll, sliuiii 
bo exposed to a cold or uvgyssV Cor 12 hours, or sponged on *4* 

with water, in order to obtain ^mboS. kwAoe&. ’Yua dt \V* * 
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^boards round which the card is attaint’d should b© chamfered oft When a large 
l' t or panel of the card is required* two or tnoro widths can be joined by overlapping 
edges of the card S in*. fmd riveting them together with copper rivets, or sowing by 
ng needle and waxed or ** Willesden f ‘ treated thread. When advisable In strengthen 
it can be bent over and then sewn or riveted, or a strip of the card made in 
form of a clip can be sewn or riveted on the edge of the sheet. In all eaues before a 
■p bend ia imido the card should be placed in cold water for a few hours, or sponged 
i hot water on both sides, to prevent cracking. The card may be painted c>r tarred, 
thus will not corrode or blister, as painted wood or iron, but remain practically 
•tract ible. 

V rapid, easy mode of covering tuny bo named as follows:—Cut a length of card from 
roll* grip each end between 2 buttons firmly screwed together, and draw the sheet 
loots thus secured over a roof, ridge, rick, pole, or anything requiring protection, and 
0 fast to the ground or other holding, and, when desirable, for such temporary and 
able covering the edges of the card may be bound with H Willeaden ” webbing, and 



J350* 


eted to enable the sheet to be eatily made fast by cords or ropci. Similarly, a piece 
rtp of u Willeaden"canvas may be riveted or sewn on to the card at any place, and 
a as a flap t or for any purpose where cnnvns may be n quired. 

Ph© 41 Willesden ** card possesses great practiouL iwlv nutate, \y$ naVCSx 

its may be effected without skilled assistance, In case ot \lw» 
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of card may be placed respectively on inner and outer side of the damaged psrt,wi 
then be sewn together by strong needle and waxed thread, or riveted with oopperriwh 

Referring to the illustrations, the solid lines represent woodwork, while tbs fanfca 
lines indicate the roofing card. Fig. 1850 is a view of a shed roof; Fig. 135!, cnai note 
of shed; Fig. 1352, detail of ridge 
and caves, with alternative ridge 
construction, showing the usual 
fixing for sheds; Fig. 1353, detail 
of ridge and eaves, when the roof 
is to be made airtight; Fig. 1351, 
detail section of the rafters. 

Slates .—By far the most im¬ 
portant roofing material, and the 
one in most general use at the pre¬ 
sent time, is elate. Slate is an 
argillaceous sedimentary rock 
which, after being deposited as 
day at a very early geological 
epoch, has been subjected to enor¬ 
mous mechanioal pressure, the re¬ 
sult of which has been that the beds have been squeezed together and the wekM 
rendered very dense and compact, while the original lines of stratification havt b®® 
almost obliterated, and the particles have been rearranged in fresh planes peipeodicsk 




to the direction in which the pressure was exerted; along these planes the rock spli® 
with great ea se. The ot tt\a thus no connection with its natunl 

bed, even when ttie tatter can \** toacoswA. maktf 


Roormo—Slates. 


621 


eminently useful as a building material. ns, notwithstanding the fact that it is one 
16 hardest and densest of rocks, it cun be obtained in such thin sheets that the 
ht of n superficial foot is very am all indeed, mid consequently, when used for 
■tag roofs, a heavy supporting framework is not required. Slate absorbs a 
edy perceptible quantity of water, and it ta very hard and close-grained and 


1364. 



th on surface; it ©an be laid safely at as low a pitch ns 22J°. In consequence 
is, the general introduction of slate as a roofing material has hail n prejudicial 
; upon the architectural character of buildings. The hold, high-pitched, lichen* 
©d roofs of the middle ages—which, with their warm liuts, form so picturesque a 
re of many an old-fashioned English country town— have given place to the fiat, dull, 
d roofs. 

‘h© best roofing slate is obtained from North Wales, chiefly in the neighbourhood of 
bem where there ere numerous quarries, those nt Penrhyn being the largest; the 
a from this district generally go by the name of Bangor, At Ffestiniog and in the 
libourhood the re are also numerous quarries, the slates from which are generally 
putted Portroado© slate*, as they are shipped from this port The colour varies from 
a to purple and black,and a good effect can be obtained in buildings by using 
nate bands of different colours in the roof. Good sktes are also obtained from 
wait, where the quarries have been worked for a long period; and from th© Lake 
ict, those which coma from th© neighbourhood of Mary port being of a bright sea- 
1 colour. As a general rule, the finer th© grain of the elate and the cleaner and 
itber th© surface with which it split*, th© better it will be. When the surface is 
© and uneven, it is probable that the slates hove been obtained from a bed where 
lur© rock was in close proximity to, and partly mixed with* some foreign substance, 
as sandstone ; and such slate* would I*e likely to absorb more water than the fina- 
icd varieties. 

'he large demAnd for roofing slab s has led to the opening of many new quarries 
3g the last few years, the slates from which nr© of varying degrees of excellence, 
ahsorbtinn of water is, of course, the most valuable characteristic; un easy test of 
sou be applied by carefully weighing on© or two specimens when dry, and then 
ing them in water for a few hours and weighing them again, when th© difference 
eight will of ©uurse represent th© quantity of water absorbed. The light-blue 
ired slates are generally superior to the blue*black varieties. 

‘he chemical analysis of an average specimen of el at© may b© taken os 


Silica .< 
Alumina 
Iron oxide .. 
Magnesia 
Potash and soda 
Water .. „ 


M'75 per cent. 
2£-SMJ 

15*0 

3’H n 


ts specific gravity is 2 *8, 
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Roofing slates are sorted into yiriou sixes, which are sold under the f< 


names:— 




Queens, the sixe of which is 36 in. by 24 in. 1 

1 Countesses, sixe of which U20m. 

Imperials „ 

„ 30 in. by 24 in. 

Viaoountessos „ 

„ 18 in. 

Princesses „ 

„ 24 in. by 14 in. 

Ladies „ 

„ 16 in 

Duchesses „ 

„ 24 in. by 12 iu. 

I Doubles „ 

„ 13 in 


Of these the Duchess and Countess slates are the most extensively used. 

Slates should always be laid with a certain lap, that is, each course should 
the next but one below it to a certain extent, and this should not be less t 
Thus there will be a certain width of slate in each course exposed, and this is < 
gauge, its width diminishing as the lap increases. The gauge for any kind of 
found by deducting the lap from the length of the slate, and then halving the n 

on_* 

thus, if Countess slates are laid with a 3-in. lap, the garge will be — 

Each course of slates * breaks joint ” with the one below it. The average 
ordinary slating may be taken os 7 cwt. per square of 100 superficial ft The 
slated roofs are generally laid with lead turned up under the slates, and the h 
are either covered with lead—which is the best plan—or with thick saddle-U 
finished at top with an ornamental roll. Some years ago a system was in trod in 
patent slating. This consisted in laying large thick slates so that they butta 
one another in a vertical line, the joints coming exactly over a rafter to which t 
were firmly screwed. The successive courses overlapped one another a few in< 
when the roof was covered, 

thin fillets of Blate about 3 in. 1354.* 

wide were bedded in potty 
over the vertical joints, tightly 
screwed down to the rafters, 
and pointed carefully all 
round. Slating could be laid in 
this manner to a very low pitch, 
aud yet remain water-tight for 
a considerable time, but it was 
found that a slight settlement 
of the roof was sufficient to 
injure it, and as the putty alBO 
soon perished, the system was 
abandoned, and it is now never 
adopted. It gave, however, a 
distinctly ornamental appear¬ 
ance to a roof. 

The usual method of laying 
slates is illustrated in Fig. 1354*, 
which represents 3 courses, the 
distance between a and b being 
the lap, and that between b and 
e the gauge. Slates are some¬ 
times laid on close boarding 
uailed to the rafters, in which 
case it is usual to put a layer 
of sheathing felt on the boarding before laying the slates; but they oftener 
battens or slate laths, as vo. 1355, placed at a distance af*arl equal to tl>< 
to be given to the slates. It Is wawail to tataw \ ** or coppei 
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*^Siitoarding to site, passed through holes punched near the centre and top of the slates. 

^Mating is measured by the square of 100 ft. super, 12 in. extra being allowed for eaves, 
: ^jfldpst, valleys, and irregular angles; circular slating is \ extra. A good slate should 
^ttnit a clear ringing note when struck, and feel hard and rough to the touch. The 

1356. 1357. 




«* back ** of a slate is its upper surface; the “ bed,” its under side ; the “ head,*’ its upper 
edge; the “ tail,” its lower edge. Fig. 1356. is a slater's pick hammer; Fig. 1357, a lath 
hammer; Fig. 1358, a cutting iron for reducing the dimensions of slates; Fig. 13M), a 
slater’s axe having a cutting edge and a pick at the back. 




The effect of wind pressure on stated and tiled roofs is important. The cause of 
slates being blown off is not quite so simple as might at first be imagined. When loose 
ridge tiles or broken slates occur, these are blown off as a matter of course, but it fre¬ 
quently happens that roofs which were perfectly sound are Beriously damaged. As the 
direction in which the force of the wind acts is horizontal, there would seem to be no 
tendency to rip up or break off materials lying so closely upon one another as slates. 
The true explanation is probably this: any exceptionally strong gust of wind is succeeded 
by a momentary vacuum, and as under ordinary circumstances the atmospheric pressure 
inside and outside a roof is equal, it follows that during the brief continuance of the 
vacuum outside the pressure inside is considerably in excess, and the weakest poiutacC 
the roof covering will have a tendency to be pushed outwaxda. rods 
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with battens, to which the top only of the states are nnita!. the lower pnrtirei 4't I 
flutes would be much lea# able hi resist any such outward pressure, and would ht frrH I 
upwards, and if at such a moment another gort of wind wet® to occur it would lot * I 
way under the slate and break it. If the rafter* were cover**! with close boarding lard I 
of battens this would offer a fur more even resistance, and for tins reason cW buy I 
roofs are much lea* liable to damage from wind* The whole question of the urt-'f I 
wmd upon eloping roof* has not received the attention from profesadonsl .men ti.it li I 
importance demands. 

An architect says ho has been in the habit for many years of bedding hk p*bi I 
elates in hydraulic cement, instead of having them nailed on dry in the usual any, firi | 
loaves* them subject to bo rattled by the wind, and to be broken by any ttdfca* 
pressure. The cement ikon seta and hardens, so that the roof becomes like s wild n*. 
The extra cost is 10 or 15 per cent., and he thinks it good economy, enmideriasonic* 
permanency, and tho saving in repairs; but, besides this, it affords great sdkty cjn?* 
lire, for slate bid in the usual way will not protect the wood underneath from tb* Ut 
of a fire at a short distance, 

lYEsi,—If nil tiles were of the brilliant hue that ts occasionally met with hi onrin 
districts, it is probable that their u*e ss a roofing material would have remained rr- n-^ 
But lately manufacturers have succeeded in producing o warm reddish-brown th*tri«^ 
approximating to that of old weathered tiles, than which nothing can he more plcaxat 
Tiles am made from clay in much the same manner as bricks, but ms they are tLbaa 
they require o tougher clay, and considerably more care in their manufacture. Tt- 
clay is dug and weathered, and then ground in a pug mill, so that it acquires great n* ■ 
fcisteney. It is then formed into the required shape by being preeejed into an mk u«K 
plated with iron. The clay is kept from sticking to the mould by dusting th» ktit 
with sand or fine coaid list. The tiles are then dried in the open air, and afteiwitf* , 
linked in a kiln, constructed cm much the same principle as a brick kiln, but eacWl a 
a conical building called a dome. The period of burning depends upon the quality d I 
the clay and the colour to which the tile* are to be burnt. This general de*cripn* 
applies to nearly nil ruling tiles, but nr course the moulding processes voir aeceH^ 
to the kind of tile that is being made. Till quite recently, pantile* and plain tik* w 
the only kinds made, the former having a double curved surface, on the one side cuum 
and the other concave, which shape is given to the plastic day by band. A seal3 
hollow in the mould gives the projecting nib by which pantiles are bung on tie- M* J 
h roof. The ordinary size of pantiles is 14J by 10J in. and they are generally Uhl tn* 
gauge of 10 or 11 in. These tiles are only used for an inferior class of building, m it * 
difficult Lo keep a roof covered with them watertight for a length of time, because ti*j 
can never be made to fit cImoIj over each other at their lower edge*, and therefort tV 
rain has n tendency to drift up underneath them. They partially overlap hrtendlr, M 
not so flic] cully to make a watertight joint, nod they are consequently frequently fMiitel 
with mortar, which forma a thick and ugly joint, and soon perishea. The weight p<r 
square b about 10 ewt The Bridgwater tiles are very rimtLir to pantile*, bat vnto 
and formed with a double roll. 

Plain tiles are oblong in shape, with a very slightly curved surface, ami thsyiit 
either moulded with nibs for hanging an tho laths, or are formed with two holes forusib 
or pegs. Their dxo is 10j by tf§ ui* Many excellent specimens of plain Ido* biwhufa 
*hown at the various building exhibitions which have been bold lately, but it would U 
difficult to find any superior to the best Broselcy tUca, which are Well burnt, even n 
texture, mnl of a very pleasant tint, Thun tile*, of the sUo mentioned above, should be 
laid ton 4] dm gauge, and they are either hung to the laths by their nibs or by prfi 
driven through the hole* in their surface. Some builders are fond of bedding lb* 
heading joints in mortar, but it is very doubtful if this is a good plan. Of ocarv ft 
makes the roof aomewtot stows that tile roofii airn'l 
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ft!tray* fail in consequence of the latha becoming decayed ami allowing the tiles to slip* 
am 1 the presence of the mortar accelerate# thia decay* It is, moreover, eertuiQ that if 
mortar bo used the tiler will be disposed to depend upon it for keeping the tiles in 
position, and will not devote so much care to the proper hanging and pegging of each 
tile, and as all roots are subject to slight movements due to changes of temperature and 
to» varying wind pressures—have in fact a certain amount of “ spring ”—Ibis will instantly 
act upon the mortar joint and will tend to disturb it, nnd in u very short time the mortar 
begins to fall away and helps to block up the roof gutters. In some country districts, it 
is the practice to lay the tiles on a bed of bay laid over the laths, and this plan appears 
t<> answer very woli if proper care be taken, and it adds to the warmth of a building 
m winter. It is not desirable to give tiled roofs a less pitch than 15°, and 50° is 
preferable. 

With ordinary plain tiles* those in any one course do not overlap laterally ; conse¬ 
quently each course must overlap to a certain extent the next but one below it, or the 
rein would enter between the joints* Of late years many attempts have been made to 
obviate tbis necessity* which is the cause of the great weight ef this kind of rooting,— 
nearly a ton per 100 sip ft. If tiles can be moulded so that they will fit into one another, 
and form a watertight joint laterally* the successive courses need only overlap suffi¬ 
ciently to prevent the rain driving upwards, and this can be prevented by forming a groove 
at the upper edge of one tile into which a corresponding projection on the lower edge of 
the next tile would fit. This method has been adopted with considerable success In 
Phillips 1 patent lock-jaw roofing tiles, which interlock with one another on all 4 sides, 
and form such closely-tit ting joints that nothing can penetrate them; and the patentee 
claims that by exerting great pressure on the clay during the process of manufacture he 
in able to ensure uniformity and perfect fit, without which the tiles would of course be 
practically useless. These tilts are of two different kinds : the M single grip,*' and the 
“ double grip," The latter are suitable For the most exposed situations, and will ttand 
the roughest usage. Half tiks are made for 1 in aging next to a g&bk in alternate courses, 
in order to secure a perfect bond, in the same way that closers are used in brickwork. 

No mortar is required with them, nor any special skill in laying them. The difference 
between theao tiles and the ordinary kind in the weight per square, 5§ cwt., and the 
number required, 150, is very striking, the weight being lees than one-third that of 
ordinary tila*. Taylor's patent tiles are moulded with a different kind of lateral over¬ 
lapping arrangement All these patent tiles give a decidedly ornamental appearance 
to roole, as they break up the plain surface into a series of elevations and depressions. 

It is curious to notice how closely some of the new patent systems of tiling resemble 
those in use among the Romans and in the early part of the middle ages. Tiles were 
used at a very early period for roof coverings, and were first made with rims on each aide* 
and under the rims wore notches forming a lap laterally; and hollow tiles, similar to 
common hip and ridge tiles, were laid over the vertical joints, themselves overlapping 
each other. An improvement was effected by making tho tiles trapezoidal in shape, 
instead of rectangular* and thus the narrow end of one tile was pushed down till it 
closely fitted between the rims of the one below it; the notches under the rims worn 
then discontinued, but the vertical joints were covered ns before. 

In the thirteenth and fourteenth centuries* in the old French province of Champagne, 
tiling was carried to very groat perfection ; and it U probable that no better tiles have 
ever been mado than thofto which can be still seen in many buildings in Troyes and its 
neighbourhood. The tiles are very like the modern Rroselys, but were made with one 
nib for banging on the laths and one hole for nailing ; and to show the extreme cam 
which was taken with thorn, the positions of the nib and hole were reversed in each 
ultimate course of tdes. This was done in order that* as the alternate courses were laid 
* breaking joint,** the nail-bole should always come over the centra \\tu& at 
the nib always midway between iho rafters* The raSto* vtera ut wxrate ^ 
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proper |>o*iteori fur the tiles, which wore kid to a gauge of about 4| in,; u Ur 
length wits I2| in,, there ww always a lap of Dearly 4 iu. In somo of thu til** U tk 
j»eriocJ, tli* exposed portion of each tile was glased, and thus rendered tion-foreuz Ik 
would be im excellent plan to adopt with modem I ilea, ho t it would retail tbw t# 
expensive for general use. There is, however* another peculiarity in ih© I*-*! <{ tk*dl 
French tiles which might easily be adopted by modern manufacturers* and which wdl 
be a great improvement, and that is the chamfering of the lower edge of |he tfl* ?w> 
mould could easily be made of the shape requisite to form this chamfer* whiefc 
greatly diminish the risk of the tiles being ripped up by the action of a strung «t*i 
T he tih a of this period are frequently found in a b good condition now as whtti 1st j 
burnt. 

The great object ion to all tiles is their porosity, which causes them to absorb ic* 
side ruble quantity of water, and this tends to rot the woodwork underneath. This toaba 
aubstr nature consists iu the case of both slates and tile*, either of fillets of wrod t*iH w 
tlir rafters at intervals corresponding to the gauge required, or of close boarding *L£-dyrj 
nailed to the rafters. For slates, these fillets nr© generally 2| in, or 3 ire widii md Ik 
thick, culled slating battens, and the slates are nailed to them by naile—2 to each «4*- 
paaaiug through small holed pierced in the slate itself. For tilea. which am much hr*ret 
stouter fillets are required, and the tiles are hung on to thesa by pegs pacing liim* 
the holes in the tiles, or by the projecting nibs which have been already dr^rikl 
Close hoarding k far preferable for either kind of covering, us It keeps the rwt listvi 
atitl warmer, anil in case it should be necessary for work mm to puss over the roof fttf «t 
purpose after its completion there is much less danger of the states or tiles being br.tet 
than with battens, The risk of damage from high winds is also much lees. 

Metallic roafing .—The structural arrangement of a building frequently reeiktti 
impossible to form a sloping roof over ol! parte of il v and htmott fiat* ure toosamr 
When tills te the ease, metallic coverings are the best that can be adopted. 

Formerly it was not uncommon in buildings where cost was not a oonsiderath* b 
use sheet copper for covering tints or slight slopes. Copper forms a very light covens* 
as it may be safely uslmI in duets not more than -03 in- thick, which would wtigb *£«* ; 
20 oi + per ft super. Copper slowly oxidises when exposed to the air, but the oiidn >in 
not cat into the substance of the rnctul as is the case with iron ; it »eeuu§ rather to fora 
a protective coat. The emt of copper renders its use very limited, and zinc has tu » 
large extant taken ite place. 

Zinc is also a very light covering; in fact its specific gravity is slightly lea ttea j 
that of copper, hut it has uoL a good reputation, owing to the fact that on its firet ktr* 
duotion it was ujed in very thin sheets, ami sufficient care was not token tn laying It 
lU expansion is greater than that of uny other metal, and therefore it should alwartb 
kid with ample play, or it will soon buckle and crock The Vteillo Montagna Gwwif 
have greatly improved the methods of lay Lag due, aud they have also introduerd Itek 
wheete than could previously tic obtained ; if zinc fa used at all, it should never be Its 
th.*i; No, HI gauge, w hich weighs about 24 ox. to the ft super, and m as nearly as p*» 
uibl© in, thick. Zinc resembles copper in the fact that it oxidizes on the surfarscoly * 
hut iu smoky district* it will not last at all, as sulphuric acid completely destroy* it 

The fiu face oxidation only of zinc when exposed to ordinary atmosphtric tiifiunurew 
suggested the attempt te prevent the mating of bon by giving it a thin coabug of tint I 
This led to the production of galvanized * iron for roofing purpose*. This “gain* 
izing *' process consists in first precipitating tin upon sheets of bon by > T wi 

galvanic action, and then placing the plates in a lwth of liquid tm Ifon thus tn»tei 
will test, under favourable dreimiateiicc*, for a long time ; but when resed (hr fwilhif. * 
is almost impossible to avoid nailing the sheets ir» picul* place*, and where the uad 
occur, moisture hivtxmVVj mwW \\* v> v\v& which rusts internally, «td 

Ikv thill zinc coating ttetn oft m %XaXA ** to tbt 
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action of sulphuric acid upon zinc will show the utter uselessness of galvanized iron in 
arn^ky districts* 

The most durable metal covering fur roofs is milled lead. This is lead which, after 
being cost, is passed through o mill between rollers adjusted so as to give the requisite 
thickness to the sheets which are rolled out. This thickness varies from *075 in. to 
■ 23d in., the weight of these qualities being 4 lb. and 14 lb. respectively per superficial ft 
The qualities chiefly used for roofing are the 5-, 6-, and 7-lb. lead, the latter being 
the lightest that should be used for flab or gutters. In laving lead on flab, the latter 
should be close bonrded, and care must be taken to allow for expansion and contraction 
of the metal; consequently t be joints of 2 adjacent sheets must not be soldered together* 
In order to prevent the water from penetrating at the joints, fillets of wood, 2| in* by 2 in , 
rounded at the top, culled rolls, are nailed to the boards, and one sheet of lead is dressed 
flaw up to and half-way over the roll, while the next sheet is brought up to the opposite 
ride of the roll, and lapped completely over the roll and the turned-up portion of the 
first sheet. If the lead is closely hammered down with wooden mallets, no nails are 
r. qulred, and they are better omitted. When it is necessary to nail the lead round tky- 
lights or in other positions, copper nails should always be used. 

Thin fint plates of iron rendered “rustless" by the Dower-BarfT process have lately 
been introduced for roofing purposes by Horn, Black & Co., anil many advantages ate 
ri aimed for it on the score of cheapness, durability, and appearance, ns compand with 
11 her m etallio roo fin go. There are several 
Boodificati/ms in tbu pattern and mode 
>f fixing* but ihe simplest is illustrated 
In Pig* 1360. Here plain fiat plates, 24 in. 
by 12 in*, are Lihl like ordinary slating, 
except that oxidized hoop iron is laid 
xver each line of plates, through boles in 
which, as well ns in the slates, are driven 
the nails which fasten both to the boards 
beneath* The use of tliis iron lath allows 
my accidentally damaged plates to he 
removed at any time, when specially-mode 
plate* cun be substituted. These special 
* men ding-plates w arc so formed as to hook 
racily and securely upon the iron lath, and 

a be so fixed without the necessity of j- f 

jutting the nails which fasten the adjoining 

plates* All these plates, both ordinary fitxngmdg* 

md special, are supplied ready bored with 

die holes for the nails; and suitable nail*, similarly protected with the oxide, are 
tarnished at a reasonable price. 

It is only fair hi say that much of the preceding information has la en gathered from 
i paper on Building Materials by John Slater, B.A., in the Sanitary Record. 

GLAZING-*—By this term ia here meant the fixing of sheets of thin glass in 
windows for the admission of light to the interior of structures while excluding the 

v either* 

Glass is nf several kinds, 41 Crown " glass is mode iu circular discs blown 
>v hand ; these discs are about 4 ft, diameter* and the glasd averages about ^ iu. thick* 
jwiug to the mode of manufacture, there is a thick bees in the centre, and the gWs is 
Jiroughnut more nr less striated or channelled in concentric rings, frequently rurveil in 
inrf ice, am 1 thicker at the circumference of 11ie dhe. Cnnsoquently, in. 
panes out of a disc there is a considerable logs, or at ku&t W\*A\ m <\ww\\Vi \ 

vilt Yield ft /jtu itt 10 so. ft. nf muirl nlot. iV,*. 
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ftom an nrilitmrjf iliac is itliout 34 x 22 in. The qunlities nro el^ssitied into »*&.' 

** thirds,'* Wid “* fourths.* 1 

*> Sheet** gloss ia *1su blown by hand, but into hollow cylinders about 4 ft. vA 
10 in. din meter, which are cot off mid cut open longitudinally while hot, tad tLewLii 
full into ilat sheets. A more perfect window glass can be uu»ta by thb procraa i&i 
thicker, and «ptbl« of yielding larger pane* with less waste. Ordinary ibtel >rU* vl 
cut to a pane of 40 x BO in,, and Borne to 50 x 36 in. It can be made in th eta* 
from fa in. to $ in. 

** Pluto " glaa* is cast on n flat table, and rolled into a sheet of given size aud thkb 
ness by n massive metal roller, In this form, when cool, it ia M rough pUto.* 

* l Bibbed plate ** hi made by using & roller with grooves on its Bcurb 

ribbed plate lire frequently made of commoner and cooinr unite rials than polished |»hi£. 
being intended fur use in factories and warehouses 

“ p. lulled plate ” ia rough plate composed of good material and afterward* pdi^l 
ou both sides, which i® done by rubbing 2 platen together with emery and other 
between them. Fiat© g!mss can bo obtained of almost any thickness from | in. up fc 
1 iu, thick, and of any size Up to about 12 X 6 ft. 

In the glazing of n window the sizes of the panes, that is to say, the interval*4 d® 
wish-bars, should be arranged, if practicable, to suit the sizes of panes of alvt 
can conveniently be obtained, eo as to avoid waste in cutting ; thin consideration t* « 
more consequence in using crown and sheet gloss than with plate glass. The *ocd«*4 
of the mi»h should receive its priming coat before glazing the other rants should br ^ 
on afterwards, With crown glass, which is sometimes curved, it Li uhiitiJ to |da.v v* 
panes w ith the convexity outwards. When the glazier bus fitted the pane to tbc 
with bis diamond, the rebate of the sash-bar facing the outside of the window, heBpn»S 
a thin layer of putty ou the face of the rebate anil then presses the glass against it at* 
its place, mid holding it there, spreads a layer of putty all round the side of the re**?- 
covering the edge of the glass nearly as far os the face of the rebate extends on the iirarr 
side of the gift**, and bevelling off the putty to the outer edge of the rebate. TV putt? 
is then sufficient to hold the pant* in its place, and hardens in a few days. The gkm 
should not touch the sash-bar in any part, on account of the danger of its being 
from an unusual pressure ; there should ho a layer of putly all round the edgv*. Tu 
precaution U especially necessary in glazing windows with iron or stone tuulliaw < 
burs 

i'ufjy.—G tozfen* putty is made of whiting and oiL The u biting should be in thrifts 
of a very dry fine powder ; it should be specially dried for the purpose, and passed tkragb 
a sieve of 45 holes to the inch, and then mixed with ns much raw linseed oil as will t :» 
it into at iff paste ; this, oiler being well kneaded, should be left for 12 hours, and utakri 
up in ttnuill pieces till quit© smooth. It should be kept in a glazed pan and wr*4 
with a wet doth. If putty becomes hard nnd dry, it can be restored by beating it tad 
working it up again while hot. For special purposes, white-lead is aomeUme© stri 
with the whiting, or the putty is made uf white-lead and litharge entirely. 

Soft Putty.—10 lb. whiting and 1 lb. white-lead, mixed with the nnrriimrj rprin Mt ' 
of boiled linseed oil, adding to it | gill best salad oil. The last prevents the white-lmJ 
frem hardening, and preserves the putty in ft state sufficiently soft to adhere at all te&a 
a id not get hard and crack off, suffering the wet to enter, a* is often the ca*fr will 
ordinary bar I putty. 

To &*ften Putty.—(a) 1 lb. American pearl ash, 3 lb. quick stone lime; dak© thr lias 
in water, then add the peaj-laah, and make the whole about the consistence c£ {mint 
Apply it to loth sides of the glass* sod let it remain for 12 hour*, when the potty *’2 
be so sofU'iwd that the glam may be taken out of the frame with the greatest fscdiU 
{hy A corrcspcudmA Iba G^rdea **vv = v—Aftar many trials, and with a variety d 

dill vfuu fly shaped v*A* wu’b \*zw*i* ft\5S*w w \m\ eu4 by U* 
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tfimple application of beat. My first experiment was with a soldering iron, when I 
found the potty become m soil that the broken glass could be removed by the fingers 
and the putty he earily scraped away. All that is required is a block of iron about 
2§ in. long by l£ in. square* Hut at the bottom, an ) drawn out for a bundle, with a 
wood' O end like a soldering iron. TV ben hot {not red) place this iron against the putty 
aw fiat m the broken glass, if any, and pass it slowly round the side* of the square. The 
beat will so soften the putty that it will come uway from the wood without difliciilly. 
Borne of it may be so bard as to require a second application of the hot imn, but one 
experiment will give sufficient instruction to meet all difficulties. 

Took—The tools employed by glaziers comprise a rule, for measuring the glass; 
potty knives of the form shown in Fig. 1361 which needs no pressure but that of 

infix. 




the bands, and of the form in Fig. 1362 which require* the assistance of a hammer for 
removing old hard putty ; and a diamond or other contrivance Tor cutting glass. The 
diamond is unquestionably the most perfect tool ior cutting glass, tmt it is often 
replaced by the American substitute 
illustrated in Fig. 13GB, which consists 
of a stout blade carrying a smull hard 
steel wheel at the tip, with notches 
In the blade for breaking off projecting 
edge* that have not parted cleanly. 

Non-professional glazier* would do well 
to purchase their glass ready cut to 
©reunite dimensions. 

Lend glowing. — Fcverul species of 
glass are employed fur this kind of 
glaring. Amongst these may be spe* 
tided 41 sheet M and 11 plal© " glass of 
furious kinds; H coloured glass,* either 
** pobmetnl ** or '* flashed n (“ pot- 
metal*' being coloured throughout its 
Futastanee by the addition of metallic oxide while the glass is in a state of fusion, while 
the? ** flushed " glass is white, with one surface covered by a thin film of coloured glass); 
**flashed ” glass being made in ruby, blue, opal, green* violet, and pink. These colours 
can be also modified to red, orange, amber, and lemon colour by retaining. Another 
species, called **cathedral glass " (rolled and sheet), is generally applied to light tints of 
a positive colour, and is principolly use ! for glazing the windows of churches, 
** Antique” gloss is made in various shade* of colour, and is usually employed in figure 
work in stained-glass windows. It is an imitation of that which is Found in old leaded 
lights, and is rough, nubbly, and of uneven thickness. It has recently been made with 
the colouring orides encased, and also striped with xttturaa eoVaran \» w \\w«s& 

striking effect in the fold of garments in figure work. 11 
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slabs, m d used occasionally in mosaic li j^ire work. It is gvnemlly of * br^wz m 
transparent colour, nod 1ms a peculiar striking effect caused by the suspension ftf k*a! 
particles, pririoiprvlly copper filing*, which is tho chief ingredient, " Aiubdti' 
and double) is a sheet gln&a, originally of Italian manufacture, and much prii>4 i* px 
painters on account of its softness for staining, and generally brilliant appeu» 
“ Quarries " is tho term applied to small square pieces nf stained glass, such as »* a 
iu the borders of windows; and u roundels* and "bullion*” are sm.ill 4t«-s l r* 
some made with a knob in the centre, and used in fretwork »IUi oUl ledral glso. 

Tb# me of lead *' calmes n for fixing window pace* i* of venerable autkjedad 
employment of wooden sash-bars being quite a modem in nova item, ralou 

bails fur the fretwork are slips prepared in the tool known as the *• jsWynf vis 
wherein a slip of lend is drawn between 2 horizontal rollers of the thickm -« #{* ^ 
of glass, and the oulme. ns it emerges from the mill* ha* a section . xai tK I v ■ 
letter I, The German vices are the beat,and turn out a variety of b ail of dnSrrzs 
There aro moulds with these vices in which bars of lead of the pmf«-r *ix.i w* mi 
cost lei this form the mill receives them, and turns thorn out with 2 rid>* (aniUv 
each other, and about | in. broad, and a partition connecting the 2 aft!™ tih 
| in. wide, farming on each side a groove near ^ by | in* and 0 ft. long- At thr jw* 
day most glazier* buy their caliuea at the warehouse* The ancient coin** * 
apparently cast in a mould* Antique caiman nro nearly of one uniform width* tail r\ 
narrower in the 11 leaf** than modern leads* That this was the ease, emit b* (imifd i 
only by the existence of the original leads themselves, but more wittsfaotonly jerhsp* 
the black lines drawn upon the glints, with which the glass put inters wart’ *ivu*tw 
*«jf nolimes to produce the effect of lead* without unnecessarily cutting the gloat T 
proem of compressing tbe mudera cahnes t>eiwcen rollers tn the proper dtnwa» 
makes them more rigid than the old leads. 

The ordinary loaded casement is still to be found plentifully in oottnge wittilo** 
the provinces. These are formed of every shape and size, gome glazed wirh rvctinrii 
and some with diamond-shaped panes* The calrne* In 
which those are set are often very broad in tbe leaf, much 
more so I ban could l** used for fretwork Glaziers differ as 
to the best tool for soldering the calmes, some adhering to 
the old soldering iron without a handle, while others prefer 
flic ordinary ropfiur bit (see Soldering, p. 108)* The cutting 
knife, u?td far dividing the nlaea, has sometimes the form 
shown id a. Fig Ft04, and t& sometimes shaped as at b t In 
the latter, the blade has its catting edge at c, and the 
top ot the handle d is usually fumed of a lump of solder, 
which is handy for driving home the punes in the ealmes, 
driving a brad nr tack, Ac, « is the 11 ladildn," which 
ia a small. tool of bone, box, or beech, about 6 in. long, 

1 in. in width, and ^ in thick, with one end bevelled off 
for about \ in* as shown. TlrU is used for opening the 
(oaves of the calmc as shown at/. The first step in making 
a lead-tight of square pottos is to measure the opening and 
pet out on a board or the workbench in chalk the number of 
J»M* decided on l next the glass can he cut, not forgetting 
in allow for the thickness of the cnlme. and, this toeing done, 
prwwd to put the eaeiiut'ui together as shown. Fig* 1365. 

Tack down to the bench a couple of lath sat right angles us shown at a Ik n c | Fig* IS# 
Tikr a online* and putting your foot on one end to hold it steady, stretch it wd, I 
pul!dig, perfectly llr^V; ^utapieccof about the depth of the window ami plow 
against the UUi ah, a* shown aV d t* wsu\ WVi ^ rouble of brads i 
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m. Next cut another length of the caltne the breadth of the casements; open the end 
c calme dt with the ladikin, as shown at /, Fig* 1364, insert the end of the calme Just 
n the one already fixed at d, taking care to see that this end is bright, and brnd this 
id eulme down, as at d/, at right angles to the former, and along the lath a c* The 


lass* tasfl. 



es are cat with the cutting knife* The pane of glass 1 is now taken, the ends of the 
es i/e and d f opened out with the ludikin, the square of glass is placed in and tapped 
>mc with the heavy handle of the cutting knife* Having set pane No, 1, cut with the 
■ a piece of mime of the exact: length of the side of the square* taking care to see 
the end is bright; open both sides with the ladikin, then place the end in the ealino 
lb shown i\t 0 ; puna 2 is now placed in this, and carefully tapped homo with tho 
le of the knife: then the lead h is cut and placed ; next follow pane 3* caltne i and 
4, &o.*ai)«l the first row is glazed* Take especial care that each pane has boon 
ked in home and that the whole row is tight Now comes the cross calmo tm. 
eh another calms and cut it to the proper length and open it up with the lndikin. 
t the cud of tins in the vertical ealme d e. and place the ends of the spurs g U i k in 
Sow begin another row with the pane G, follow this with the short lead a ; then the 
7* lead o, paue S* and till the second row is complete. When all the panes arc fixed 
id the casement is complete, the end calmo is fixed, niid (hen the side one rs* All 
w ready for the soldering* The bit or sol lering-iron i* heated, and the operator 
a strip of fine solder, in his left hand, of an cosily fusible kind* He then sprinkles 
dl quantity of bta^k rosin at the place to be soldered, places the end of the solder 
to the first and applies tho heated bit until a good joint is made, and tho solder 
e a neat little raised circle at the place* This operation is repeated at each joint 
all ore secured* Some workmen prefer u killed" apirits of salts (see p, 101 ) to 
for the fiux. The bit or iron should not be too hot, and should not be held IE 
ct with the calmcs too king. It is important that the ends of the lead he bright, or a 
joint cannot lie secured. The hands which secured ealmes abd,be to the brads must 
>e loosened, the light turned over* and the other side be soldered in a similnT manner, 
ext the “ bauds ,J or 11 ucs " have to be fixed. Those are small strips of lead nr li ttle 
tf copper wire, intended to secure the lights to the 41 aaddio-bara H of the window. 
Middle-hare are horizontal bars of small iron rod crossing the window-opening, their 
being set in the atone work or wood, and are intended to support the glass* As many 
i should he soldered on as the glazier deems requisite. Copper wire ties are geno- 
p refer rod for fretwork* In the rectangular iron frame for opening <^\\\^vA**, 
i the lead light is fitted, tho smith generally dnlVs avuwW Vcfc* 
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planer will require to adder his ties around iho lead 
spend wiib these holes and in such a manner that the 
cnlmfl to which tbey are soldeic'd. They must also l 
through the holes. Theao tie* are put through the Id 
flush with the top surface of the iron. A bend of eoblc 
tie, well spread with the bit, and finally preyed down 
the sudden and momentary application of the thumb, 1 

The lead-light is now fimahid all but the “ cementi 
several reasons, In ihe first place it helps to eocuro ti 
thing as putty does in sash-windows, then it keeps tl 
windtight, &c. Proceed thus:—Tate an old sash-to 
paint, and rub the joints and eolme* therewith. Then 
a small quantity of whiting, and with this brush rubtb 
out of the crevices, brush off the whiting, and repeat l 
and brash away until the joints become as lustrous as 
and dean the glass in the usual way. 

Special nwrfAoda—Recently bavo been introduced 
not depending on putty, thereby simplifying the open 
glass, though probably in all cases also facilitating the 
must limit their application for domestic purposes. T, 
order* 

im 




Brahj^a—Tide ia shown in Fig, 1367: a, wooden c 
and capping. The d \» xU\c 

idled pecking. 






Glazing—S pecinl methods. 


633 


HelliwelTfl,— 1 This system consists of a line, copper, or iron bar, with caps of the 
*»me metals. The bars are made with double channels, and the caps are screwed down 
With brass bolta and nuts, Provision is also made for carrying off condensation and 
tendering the glazing dust proof. 

The illustration (Fig- 1368) shows the zinc bar and cap. 

British Patent Glazing and Glass Co., Limited-—This is essentially a Bessemer 
•tee! bar entirely sheathed in lend (Fig. 1369). The giro a rests upon the lead sheath 6, 


1311. 



13T3. 



1311 , 



■nrrofunding the Bessemer steel bar e, and ia held ra place by n fold of the lead shore. 
Condensed moisture collects in the gutter. 

Fenny cook.—The Pennyeook system consists of an iron or steel bar rolled with two 
shoulders to carry the glass, and below them two gutters to run off moisture (Fig. 1370). 
To the upper web of this bar, above the glass, is riveted by lead rivets a strip of 
lead, the edges of which are folded down over the glassy thus securing it in place. 
The bar consists of iron and lead only, thus wWJtv i\x^ irech 
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The gutters are sufficiently far down to alio? of aceoea to them without removing tk m> 
glass. 

Hcndk'^—Fig. 1372 represents the “acme" system : o, glass-, h, wooden psiUn, 1 
r, Ikorizontil bar with perforated channel to carry off condensed moisture from inside, I 
tf, verticil! liar forming junction of 2 squares of glass. Fig. 1373 represent! tl* 1 
“invincible*’ system: a, glass; l), capping; c, screw bolt and nut; d t washer , r, satis 
channel; /, condensation gutters. 

Shelley'a.—Fig. 1374 : a, upper square of glass; h lower square of glass; e, instill* 1 
channel to convey condensed moisture from top to outside of under square, if oonMdfliol 1 
necessary; d, channels to convey away water that may get in; c* hollow vulcanite tube 
or other packing as bed for glass; /, movable stop to prevent upper square eliding 
down ; <j f locking stud for securing capping on glass ; h , movable saddle cured to l«f 
to which locking stud is mode fast. 



Simplex.-* 1 This is com]used solely of strips of sheet lead. Fig. 1375 allows a hvuoi 
of n sash bar before and alter gl axing, and Fig. 1371! of a window bar : n, gloss; A, Wl; 
c, word w ork. 

BELL-HANGING.—The art of domestic bell-hanging is quite modern* and 

wna but little in practice before the present century. At first it was usual to exp*** 
wires to view* along the walls and ceilings, even in the best house?* until the “ 
pyot^m ” was introduced, w hich consists in carrying the wires and cranks in tubes and 
boxes concealed by the finishings of the walla. The tubes are generally of tinned in® 
nr seine; but they ought to bo either of brass or strong galvanized iron. Zinc cannot h 
depended upon: in some places it will moulder away; if not soldered, it open*. aud 
the wires work into the joinings of the tube, which stops their movement. The propff 
time to commence Wildmnging is when the work is ready for lathing; but it >hoal& 
not bo delayed till after the rough-cast plastering has commenced. If the work h 
performed at this period, it enables the bell-hanger to see his way more cl&orli, and 
prevents much cutting away of the plasterers* work afterwards. 

The bells are usually hung in a row on a Ward placed In a convenient ponit.nnf'r 
being seen and heard by the attendant; each bell having some mark by which t 
distinguish the room whence the summons proceeds. Each bell is connected by * 
separate wire with a handle fixed in the room to which it relates. The wire <t 
coni mimical ion, which transfers tte jerk of tho handle of the bolbpull to the bell, cut 
only travel in straight \xm» walla of tho rooms or passages fratnW. 

consequently at each oha&ge c \\vt cro&wwtej wt XW -w ^ Va broken, atrl 
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the ends attached to the arms of a suitable crank. These arc made in sewnl forms to 
the situations which occur, and must be chosen accordingly. It is important 
t»» lAto as few cranks us jicasible, because they all help to increase the wear on the 
im?, tubes, &e, In some houses no provision is made for bells. Where it is desired to 
lawdy this defect, a very long handled (2-3 ft.) gimlet, called u 4t bcllhanger’a gimlet,” 
1377, is needed for boring passages for the wires, unless the additional 
pens© is incurred of Jetting in tubes for the wires to run in. The wire 
is of copper, Nos. 16, 17, or 18 gauge for indoor work, ami 14 or 15 for 
Eoer. The wire should be strained quite tight when put up, and secured 
one end io the chain on the bell-pull, and at the oilier to the lower arm 
the bell, allowing the latter to hang perpendicularly. The bell-pull, bell, 
atid cranks must be very firmly scoured in their places; joints in the wire 
are always made by looping and twisting, with the aid of a pair of pliers 
w hh-k idao cut oft the ends. The whole system is very crude as compared 
with the electric system, which is now coming into general use. 

Electric Bells,—An ordinary electric bell is merely a vibrating contact- 
breaker carrying a small hammer on its spring, which hammer strike* a bell 
placed within its reach as long as the vibration of the spring continues. 

The necessary apparatus comprises a battery to supply the force, wires ip 
conduct it, cirouit-cloBfr* to apply it, and bells to give it expression. 

The Ledanchd battery (Fig. 1878) is the best for all dectrio bell tyatems, 
its great recommendation being that, once charged, it retains its power 
without attention for several year*. 2 jars are employed in its construction : 
the outer one is of glass, contains a zinc rod, and is charged with a 
solution of ammonium chloride (sal-ammoniac). The inner jar is of porous 
earthenware, contains a carbon plate, and is filled up with a mixture of 
manganese peroxide and broken gas carbon. When the carbon plate and 
tli© zinc rod are connected, a steady current of electricity is set up, tlio 
chemical reaction which takes place being as follows i-—The line becomes 
oxidized by the oxygen from the manganese peroxide, and is subsequently 
converted into zinc chloride by the fiction of the sal-ammoniac. After the 
battery has been in continuous use for some hours, the manganese becomes 
exhausted of oxygen, and the force of the electrical current is greatly 
diminished; but if the battery be allowed to rest for a short time, the man¬ 
ganese obtains a fresh supply of oxygen from the atmosphere, and is again fit 
for use. After about 18 months* work, the glass celt 
will probably require recharging with finl-ammoniac, and 
the zinc rod may also need renewing: but should the 
porous cell get out of order, it is better to get a new 
une entirely, than to attempt to reel i urge it. 

On short circuits, 2 cells may suffice, increasing up lo 
4 or 6 as required. It is false economy to use a battery 
too weak to do its work properly. The battery should 
be placed where it will not lie subject to change* o r 
temperature, e. g. in an underground cellar. 

The circuit wire used in England frr indoor situa¬ 
tion* m u No. 20 ’* copper wire, covered with guttapercha 
and rotten. In America, 44 No. 18, first-class, braided, 

cot too-covered, office wire " is recommended, though smaller and cheaper kinds are often 
used. The wire should be laid with great regard to keeping it from damp, and ensuring 
if a perfect insulation. Out of doors, for carrying long distances overhead, ordinary 
galvanized iron wire is well adapted, the gauge running from ‘*No. 4 ■ to " No. 14,” 
according to conditions. Proper insulators on poles mws\ 
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contact with foreign bodies; or a rubber-covered wire encased in lead taiy tera r ‘ 

underground. 

The cireuit-clrwer, nr means of Instantaneously completing and rntMTUptine; 1 
circuit, is generally ft simple press button. This consists of a little ey lindrieel k* 1 *" 
provided in the centre with «n ivory button, which la either ()) attached lo » ] 

spring that is brought into contact with a brass plate ftt the l*aek of the box on ptadf ft 
the button, or (2) b capable of pressing together 2 springs in the box. A wire tp*® its 1 
battery ta attached to the spring of the press-button, and another from the Will 
secured lo the brass plate. Platinum points should be provided on the spring and j&b 
whore the contact takes place. While the button is at rest* or out, the electric circuit i! 
broken ; but on being pressed in, it completes the circuit, and the bell ring*. 

The rein live arrangement and connection of the several parts is shown in Fig. 1371 
fl, Leclauchtf cell; fi, wire; c, presa-button; d, bell. When the distance traversed 1 
grout, say A mile, the return wire e may be 
dispensed with, and replaced by what is known 
an tho “ earth circuit,” established by attaching 
the terminals at / and tj to copper plates sunk 
in tho ground. 

The bells m od are generally vibrating ones, 
and those in ten led for interna! bouse use need 
not have a higher resistance than 2 or 3 ohms. 

At other times, «inglo~strrjko and continuous-ringer bells hove ta be provided, the kutir 
being arranged to continue ringing until socially stopped. The bell may or m»i rat 
bo fitted with nn annunciator system ; the latter is almost a necessity when ttanj 
bells have to ring to the same place, as then 1 bell only is requisite. A siegb* 
stroke bell is simply ft gong fixed to a board or frame, au eleotro-fflignet, ir4 *n 
armature with a hammer at the end, arranged to strike the gong when the RnnctOt i* 
attracted by tho magnet. A vibrating bell has its armature fixed to a spring *Lkb 
presses against a contact-screw: the wire forming the circuit, entering at one birahnf- 
screw, goes to the magnet, which in turn is connected with the armature; Ibm 
the circuit continues through the contact-sserew to the other binding-arrow, and oct 
When act in motion by electricity, the magnet attracts the armature, and the harms* 
strikes tho bell; but in its forward motion, the spring leaves the oontact-^re#, nel 
thus the circuit is broken; tho hammer then falls back, closing the circuit 
and bo the action is continued ud libitum, and a rapid vibratory motion is produM 
which makes a ringing by the action of the successive blows of the hammer m til# 
gong. 

The following useful hints on electric bell systems are condensed from LockirvdV 
handy little volume on telephones. 

With regard to the battery, he advises to keep tho mri-ammoniac solution strong, J* 
not to put an much to that it cannot dissolve. Be extremely careful to have all hatifij 
connections clean, bright, and mechanically tight, and to have no leak or short Hitmi 
Tho batteries should last a year without further attention, and the glass jars a* uf 
ought to be filled more than £ full, 

00 1 Bell mid 1 FrenJmttim .^The simplest system is 1 bell operated by I prv* 
button. The arrangement of this is the same whether the line be long or short Sri or 
the bull in the required place, with the gong down or up as may be eliTOcn; fix 
button where wanted, hiking all advantages offered by the plnn of the holme ; r. (f. • 
fcalt behind which is a closet is an excellent place to attach electrical fixtures, bcraiw.' 
then it is easy to run all the wires in the closets, and out of sight. Bet up the butler? 
in a convenient place, and, if possible, in an atr-Light box. Calculate how much win 
will be requisite, and measure U off, giving a liberal supply ; joints in inside work »"fl 
very objectionable, wad only . Cut off ¥i*ulatiufl 
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*nda of wire where contact U to be made to a si-rew. Only 3 wires arc accessary, 
** [ I) from 1 spring of the press- button to 1 pole of thu battery, a;iy the carbon, (2) from 

^ oilier spring of the batten to l Llnding-ftcrew of tho bell, (3) from the other jiole of 
battery to lie other binding-acnew of the bell, In stripping wirea, leave no ragged 
thmuid hanging ; they get caught in the biud in g -screw, and interfere with the con* 
wuon of the par la. Alter stripping the wire sufficiently, ruukc the ends not only clean 
Int bright Never run 2 wire# under 1 staple. A button-switch should be placed iti 
Uj; battery-circui t, and dose to the battery. «o that, to avoid leakage and accidental 
titort circuiting when tho bells arc not used for some time, it may be opened. 

l&) 1 Bell and 2 iVatf-batoms.—-Hie nest system is an arrangement of 2 press* 
tritons in different places to ring the same bell. Having fixed the bell and buttery, 
and decided upon the position of the 2 buttons, run the wires as follow#:—1 long 
covered wire is run from 1 pole of the buttery to I of ttie springs of the most, distant 
p.eea-bultou, and where this long wire approaches nearest to tho other press-boiton it is 
stripped tor about I in, und scraped clean; another wire, also stripped at its end, i a 
wound carefully around the bared place, and tho joint is covered with ktrite tape; the 
other end of the piece of wire thus branched on u carried over and fastened to the 
spring of the second prcfrft-butkm. This constitutes a battery wire branching to 1 
spring of *aeh pres»-bulton. Then run a second wire from 1 of the bill binding-screw* 
to the other spring of the most distant press-button. branching it in the same manner as 
the battery-wire to the other spring of the second button: connect the other pole of 
the Lottery to the second binding-screw of the bell, and the arrangement is com¬ 
plete—a Continuous battery-circuit through the bell when either of the buttons is 
preened, lie lore covering the joints with tape, it is well to solder them, using rosin m 
a flux. 

(e) 2 Bet!* a%d 1 Preis-Wfort,—When it is required to have 2 bells in different 
places, to ring from 1 press-button at tho same time, after erecting the bells, button, 
tridi battery, run a wire from the carbon pole of the battery arid branch it it* the manner 
described to 1 binding-screw of each bell; run a second wire from tho zino pole of tho 
battery io l spring of the button, and a third wire from the other spring, branching it to 
the remaining binding-screw of both bells. It will not answer to connect 2 or more 
vibrating bells in circuit one after another, ns the 2 circuit-breakers will nut work in 
unison ; they must always be branched, i. e. a portion of the main wire must bo stripped, 
and another piece ip Iked to it, so ns to make 2 ends, 

(d) There are other method*, one of which i* t if more than 1 bell ia designed to ring 
tUadily when the button is pressed, to let only 1 of the series be a vibrating bell, and 
the others single-strokes; these, if properly act up and adjusted, w ill contimioutJy ring, 
because they are controlled by the rapid make and break of the 1 vibrator. 

Annunciator system.—To connect bq indicating annunciator of any number of 
drops with ft common tell, to be operated by press-buttons iu different pari# of a house, 
is* handy arrangement, as one drop may be operated from the front door, another from 
the drawing-room, ft third from the dining-room, and so on. The annunciator U fastened 
up with the bell near it All the electro-magnets in the annunciator are connected by 
I wire with 1 binding-screw of the bell, and the other bindiug-Bcrow of tho bell is con¬ 
tuse tod with the sine of the battery. It is ft goud plan to run a wire through the building 
from top to bottom, at one end connecting it with the carbon pole of the battery. It ought 
to be covered with a drifefcLi coloured cotton from any other, so as to be readily iden¬ 
tified aa the wire from the carbon. Supposing there are 6 press-buttons, 1 In each room, 
run a wire from 1 of the springs of each of the press-but! on a to tho main wire from the 
carbon pole, and at the point of meeting atrip the covering from both the main wire 
and the end* of the branch wirea from the press-buttona, and fasten each branch wire to 
the main wire, virtually bringing tho carbon pole of the battery into every press-button. 
Kilt, lead a second wire from tho other spring u£ each to 
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11 niiftti tbs Yenlilntnr without being 1 »ble to enter the rent ml shaft, anil in pusing 
crmtod ix vicuum, which in duces an upward current in the upcast shaft withcat 

iho possibility of down draughts. Both Boyle’& and Kershaw’s roof rstilLktors 
are suitable for fixing in ventilating towera or turrets, Iu the case of chimney fltma 
where there is any obstruction that breaks the wiml and produces a swirl* mk u 
would be eauBed by close proximity to higher buildings or raised gables, a dot® 
draught may be prevented by the use of a property-constructed chimney cowl Kw* 
ehaw’s chimney cowl Is a modification of liis pneumatic ventilator, and oon/iata of 1 
deflecting plates so arranged that there is no possibility of a down draught. Bojlet 
chimney cowl Is better known than Kershaw's, and is very effective* It conoids of 
deflecting plates so fixed that if u body of air is forced in at the false top, instead of 
j mowing down the vent* it ia split up by an inner diaphragm, deflected over tl«* red | 
top, and passed over at the side opening®, thus cheeking the blow down and assisting , 
the up draught* Kershaw’s patent inlet and air diffuser consists of a tube oonu«liott j 
between the outside and inside of uu apartment rising vertically on the inside, the 
upper extremity having radiating plalcs, which diffuse the incoming current. Generally 
speaking, a sufficient amount of fres-h air eaters under the dour to a room or between 
the window sashes or frames; but in apartments where doors and windows fit lightly, i 
w»me arrangement for the admission of fresh air becomes Indispensable. In this cliissts 
during 7 months of the year, the external air is usually too cold to be admitted directly 
into the room. The plan of admitting fresh air to a space behind the grates, leading up 
the air through channels on each side of the fireplace, and ultimately fiassmi? it 
t lire ugh perforated gratings within the wall or through perforations in the skirting 
board on each aide of the fireplace cannot be commended, as the parages are apt to 
get choked up with dust, and the temperature of the air cannot be well regulated ifl | 
its passage into the room. The true object of a fire and chimney fine should not be to 
supply fresh air, but to extract it after it has done its work, 

WAlt MING*— In connection with warming an apartment, it ia obvieuidt i 
necessary condition that the warmth shall be conserved m much as possible* Hcnos 
there is an evil in having too much glass, as it cools the room too fast in the winter 
season: ! sq, ft. of window glass will cool l£cub* ft* of warm air in the room to tk 
external temperature per second; that is, if the room he wanned to 60° F., and th# 
thermometer stand® at 30° F T outside, there will be n loss of 90 cub. fit, of warm *ir *1 
l>0° per second from a window containing a surface of glass of 60 &q* ft. In cfddit 
climate® than that of England, this subject is of much greater importance* In Ain Mica, 
for instance, during the cold weather, tin re will always he found, no matter how 
tightly or closely the sashes are fitted and protected with weather-strips, a draught n? 
cold air falling downward. This arises from the contact of tlio heated air with tk 
cold glass* which renders the air cooler mid heavier* and causes it to fall. Thy air, *1 1 

the tame lime, parts with a considerable proportion of its moisture by condensation u\m 
I he glass. Thy cold air thus formed falls to tlio floor, forming a layer of odd sir, 
which surrounds the feet and logs, while the upper part of the body ib envelop'd ifl 
overheated air* The layers of cold and warm air in an apartment will not mix. Tk 
worm air will not descend, and the cold air cannot go upward* except the one U deprived 
of its heat by radiation, and the other Twelves its heat by actual contact with * 
heated surface. This radical difference in the upjwu* end lower strata «*f atawpbar 
of the rooms* in which people live during the cold reason, is the prolific cause of ocmt 
of the throat and lung disease® with which they are afflicted* Double windows te the 
houses, therefore* would not only be a great economy m to fuel, but highly cotidacm 
to human longevity. 

There arc uuly 2 ways in which dwelling-hotue* can be heated, namely* by mdiifil 
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The other point of the switch in cadi room is now connected by a wire with t binding- 
wk w of a teleplume* and the Other telephone screw is at inched by another wire to 
the bell return. Connecting 1 pole of the battery also to the return wire* nml the 
other pole to each of the front contacts of the keys* the system is complete. When 
at real* each switch ir turned on to the hell. To ring the hull in the other room* the 
key is pressed* The battery circuit is then from battery, front contort of the pressed 
key, stem of key* main wire* atom or distant key* switch* bell* and through return wire 
to the other pole of the battery. After hull signals are interchanged, the 3-pniut 
■ flitches arc transferred to the telephone joint* and con vermilion can be maintained* 
(Lockwood.) 

Making am Electric Bell .—The follow log description applie* to 3 stoea—viz. for a 
2*u»h bell* hereafter called No* 1; 2$-iri* 1 or No* 2; 4-in. t or No, 3, which sizes are 
sufficient for most amateurs’ purposes* and* if properly made! a No. 3 Leclnnehe cel] 
will ring the largest 2 through over 100 yd. No. 21 (B. W. G,) nire. 

The Backboard and Cover*—This may be* of any hard wixd* by preference teak* oak, 
or mahogany, and if polished, w> much the better; the size required will be— 

No. l r 6} in. long, 3| in. wide, | in* thick. 

No. 2* 7 In. t* 3| in* „ | in. #t 

No* 3* 8$ in. „ o in. 1t ^ to. n 

The cover must he deep enough to cover all Ihe work* and reach to within about i in. 

of the top and sides of back, and allow $ in. to £ in. between the edge of bell and cover i 
Uo making of this had better be deferred until the boll is nearly complete. 

The Electro-Magnet.—This should be of good round iron, and beat into a horse¬ 
shoe shape (Fig, 1380), The part a b must be quite straight* and not damaged by 
the forging ; the bend should be as flut ns possible, so ns to make the magnet as short 
a» may be (to save space). When made* l he magnet is put into a clear tire* and when rod 
hot* taken out and laid in the shIics to slowly cool; care must be In ken not to burn 
it. Lastly* 2 small holes are drilled in the centre of the ends at c» about in. deep; 


13430 . 
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drive a piece of brass wire tightly into the holes, ami allow the wire to project suffi- 
elmttiy to allow a piece of thin paper between lho iron and the table when the iron 
Is standing upon it; this is to prevent the armature adhering to the magnet from 
redd nary magnetism, which always exists more or less. The measurement;* an— 

No* 1 size iron \ in., d lo e J in,* a to b 1$ in. 

No* 2 „ ^ ,» 1} in- 

No. 3 f , ft in* M f to** ,, 1J to. 

The Bobbins or Coils*—These arc made by bending thin sheet copper round the 
pari a hof Ihe magnet; the edges at a (Fig, 1331) must net quite maul, 
u( this copper must be such tJwt 4 pieces just equal in titifikraaa \.\m& w 
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BELL-11 ANDlng— Electric Bells* Gas-fitting. 

threepenny-piece (this is rather an original gauge, but then all can get at the 
tine way). The hole in the brtuiii end b must be just large enough to puah on firmly^ 
the eiipper when on the iron; they must then be set true, and soldered on. Thp 
for the ends may be about m thick as a sixpence; a y ff -in. hole must be driliei it t, 
close to the copper. The other measurements are as follow'a:— 

No. 1, diameter | in., length over all I| in. 

Nn, 2, „ f in., » If in. 

No. 3, „ 1 in., * 1} in. 

The brass ends should be neatly turned true and lacquered. 

To £11 the Bobbins with Wire,—For this purpose. No. 2S wire should he used, tfaid 
is better if varnished or paraffined. The bobbin* should be neatly covered with pipe 
over the copper tube and inside of ends, to prevent any possibility of the wire {tmchiiit 
the bobbin itself; tlio bobbin is best filled by chucking it on a mandrel in the bilk, ef 
a primitive winding apparatus may be made by boring a hole through the eidea d i 
small box, fit a wire crunk and wooden axle to this, and push the bobbin on \h 
projecting end—thus (Fig. 1382) : a, crank ; b t box ; e, bobbin; d , axle. The box auy 
lie load oil to keep it steady ; on any account do not attempt 
to wind the w ire on by hand—the bobbin must revolve. 

Leave about 1$ in. of wire projecting outside the holed, 
in end of bobbin, and wind the wire on carefully and quite 
evenly, the number of layers being respectively 6, 8, ami 
10 ; tlm kst layer must finish at the same end os the first 
began, ami is best fastened <’ff by a silk or thread binding, 
leaving about a SMil piece projecting. Both bobbins must 
be wound in the saniu direction, turning the crank from 
you, nml commencing at the cud nearest the box The bobbins must turn be firalj 
pushed on the part a b of the magnet, and the two pieces of wire projecting tbns^ 
the hide c soldered together. 

To put the Bell together—First screw on the bell. Tbk should be EUppTTb*! 
underneath by a piece of f*tn. iron tube, long enough to keep the edge of th«. kfl 
| lo | In. above the backboard. Cut off the hammer-rod, so that when the head h 
will come nearly as low as the bell screw, and in a line with jx Make a hole m tW 1 
backboard, and drive the armature post in tightly—it must bti driven in *i kr tha 
when lire magnet is had upon the backboard, the centre of the magnet Iron and ib 
armature arc the same height. Place the magnet so that when the armature is prow* 
against it, the hu minor-head nil but touches the bell; screw it into its place by a I 

bridge ucroas the i*crew passing between the bobbins. By afterwards easing this *tt% 
any little adjustment can be made. The armature spring should tend to tlnx* 
the hammer-head about f in. from the bell. The conturt~poat should b* m placed >bt 
when the armature touches the magnet, there is a slight space between the pUmai 
point on the screw arid the platinum on the spring. In putting in the a piccvd 

copper wire must be driven in with them to attach the wire to. One post can be tavui 
round a liltlu either way to alter the tension of the spring; the ecrew in the other pal 
can lie turned in or out, to just allow the proper break to take place. By screwing u a 
nud out, the ear will soon judge w here the bell rings best. (Volk.) 

Those desiring further information oil batteries, telephones!, and all electrical m»lktx 
are referred to the Third Scries of * Workshop fieoeipts,* where diffuse iuitruntio 
are given, or to Electric Bell Fixing (price 3d.), published by Messrs Woodhou* sal 
UawBOU United, Ltd., of 88, Queen Victoria Street, E.C, 

GAS-FITTING,— This is an eminently aim pie operation, c*p*b{# of haul 
performed by any one wbo \mA way Vx %Mv A \w£ ynuta (a™ p. j]<) It 

ci insists merely iu uiabu'* cin\i\w‘.ww\^vnt w w^-wr% ayA.*- 
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V* ■* well as fixing the latter, The’ordinary arrangement of the gas 
house is as follows. An inlet pipe of iron brings tlio gns from the street 
meter. This latter belongs to the Gas Company, and is of a size to supply 
.tuber of burners. It is placed in an out-of-the-way situation, ^morally n 
ir the street as may be. From it an iron pipe passes up to the level of the 
juinug n supply of gas ; hero branch pipes aro led off to the various rooms, 
rineipnl pipe it continued upwards through the other stories as far as 




lo of procedure ts first to fix the burner in place, and then to lead a pipe 
0 nearest point on the supply pipe, end there to make a joint. Burners may 
lassed in two divisions, brackets and pendants; the former are placed against 
uttor hang from a coiling* In choosing a situation for a bracket, care must 
t it does not reach any movable article of an inflammable nature, e. g, cur* 
ird-doors, Ac,; in the case of a pendant, the chief care will be to let it bo 
fiy of persons occupying the room: of course there is a great variety in 
to and pendants, but this has no influence on the mode of fixing, except in 
tie chandelier with universal joint, 

ling with a bracket, as being simplest, a spot on a wall having been chosen 
be first stop is to prepare the wall for its reception. The pipe to supply the 
uld be carried as directly and as secretly as possible to the main supply, 
bo in the ceiling above the room 
wr beneath it, or in the wait of 
l room or passage. Secrecy is 
triaelling out a small recess in the 
ufBmeut to admit the pipe, carry* 
id skirting-boards, or in angles 
a be papered over, and in other 
suggest themselves according to 
tonnes of the case. Everything 
for laying the new pipe, one end 
bvu on '* (see Soldering, p. 114) to 
lose-picce ** or piece of |-iu. brass 
t right angles, tinned ready for 
one end and having a screw-thread 
, as shown in Fig, 1383, a being 
oae-piece nud b the blown joint, 
tpe is bold securely 
i mahogany block c 
wer the nose-piece 
■crewed, or plugged 
, leaving the thread 
tee-pieco projecting, 
l luted the thread 
sad, proceed to screw 
let d till its flange 
dust the mahogany 
it is fastened there 
Be very careful that the joint between the brocket and the nose-piece U u 
>ne» The burner being fixed, it only remains to load the pipe away to the 
and “ blow ” it on by means of a union suited to the case, 
ig a pendant, tho supply pipe is brought between the jotota of tbfc m&Vu&iA 
u Fig, 1384, where a are the joists ; b, the ftout ot V\*e iwm v 

al,. __ a *v,. VJV&0S. t v 
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4 the supply pipe; p* a straight nose-piece carrying a thread <m which the s> 

screwed as before. The pendant may either be a stationary cm© Incapable of btoj 
moved tn any direction, or one having a swing joint to permit its being hitched tp mi 
of the wajeflat against the ceiling. Care must be taken duri ng the fixing of lb* pf*A«t 
that it does not rest its unsupported weight on the nose-piece g, or there i» isz^i i 
draining the blown joint between / and g * 

Chandeliers being much heavier are attached to iron pipe instead of the wesk «sqa 
tubing used in other cases, and this iron pipe is allowed to rest across 2 joist*, hi neten 
cut for the purpose. A short section of iron pipe, attached to the supply bjr « Tqv*'. 
comes sufficiently far through the ceiling for the cup and ball of the chandelier to inn 
on to it 

Plugs for stopping the ends of pipes, bends, T-pieces, equal sockets, elbow ^kra 
diminished sockets for fining pipes of unequal sires, can easily bo procured of 
dhuenaioua, The only tools required are the gas tongs shown tn Fig. 1385 for aerrs^x i 



c 


c 



the joints tight. Iron piping required should be bought ready cut to length *f«l v« 
the necessity threads cut on the ends, unless the operator is poagesaed of a set of Utf?** 
rutting finds, as described on p. GO* Patent gas tongs are shown in Fig, 13S6. 

PAPERHANGING.—Wall papers may be divided into 3 claraes; — 0) 

11 Common *' or M pulp ,f papers, in which the ground is the natural colour of tin- wjtf 
as first made, the pattern being printed upon iL (2) rt Satin" papers, of whichrilM ti* 
whole ground, or the pattern* or both, are of n polished lustre, having iromewhu tb 
appearance of satin. They are made by painting the paper over with the wqtir4 
colour* railed with Spanish white, &c\, after which it is polished with a botmslur 6 | 
the colour is mixed with plaster of Paris, laid on, sprinkled with powdered ¥r<A 
chalk and then rubbed over with a hard brush to give the appearance of satin. Sac 
paper® are very susceptible to damp, even from the paste used in hanging them; they 
require 1o be hun^ with care, on dry walls, and should be protected by a lining ptpr ( 
When once hung* if thoroughly dry, they can be kept clean for a long time* & Ik 
smooth surface of the paper prevents dust and dirt from adhering fi* it (3) FW< 
papers, the design on which is formed by the adhesion of flock sheared off (tom tte I 
surface of woollen cloth* The pattern is first printed on the paper in wilt a I 
varnish, the flock U then thickly sprinkled on, and adheres to the mr r jhuaj 

the put tern. 

The pattern on the best papers is printed from wooden blocks. The pceilitft rf 
each block is guided by 4 pins in its corners, and a nefutui. 1 ■. >. : ; r i 
colour* Wall papers are printed also in large quantities, and very cheaply, % taaduoffl. ' 
f bn patterns being engraved on metallic rollers, one for each colour required, add jaieli 
on continuous bauds of pa^fex se\em\ W^. ^L&rhine*printed ;pa| W -r» «w tub*# 

to those printed by hand v the cciVram* at Wens* 
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*ot, Some of the Gammon grained, marbled, and granite papers are roughly coloured by 
bntul. nod elaborate papers of the highest class are painted by artists. 

«* Pulp *' papers can easily be recognized, m the back ia of the same colour as the 
ground of the front. Hand-printed papers can be distinguished from machine-printed, 
aa the former retain the marks of the pins used as guides for the position of the wood 
blocks. 

Wall paper* are sold by the " piece/ 1 except in the cose of borders, which are sold by 
the yd*, or 12 yd, run. The prices vary according to the description and quality of tho 
paper, and the nature of the pattern, extra being charged for every additional colour. 
The introduction of gold or silver in the pattern also enhances the price considerably, in 
proportion to the amount used. Down each aide of the paper is a blank margin about 
\ in* wide. In banging good papers, both these margins are cut off, and the adjacent 
pieces are placed edge to edge. In common papers, however, only one margin is cut off, 
and the cut edge of on© piece of paper overlaps the margin of the next In English 
papers, each "piece" is 12 yd, long and 21 in, wide; it therefore contains 7 aq, yd. 
After the margins are removed, the paper is 20 in. wide. Each yard in length of the 
paper then contains 36 x 20 in* = 5 ft. super., and each piece 12 x 5 = GO ft. super. The 
number of pieces of paper required for a room is therefore equal to the number of super, 
ft, to be covered divided by GO, An allowance of ^ must be made for waste: more 
for good papers and large patterns than for common papers and small patterns, French 
papers are made iu *'■ pieces " containing 4| t?q, yd. The length and bread til of a piece 
vary considerably, according lo quality, but they often ruu about 9 yd. long and Ifi in. 
wide. Borders are sold in pieces containing 12 yd„ technically known as dozens." 
Lining paper is common uncoloured paper placed under the better classed of paper, in 
order to protect them against dump and stains from the wall below, and to obtain a 
smoother surface to work upon. 

The colouring pigments used for wall papers are as a rule harmless; some of the white 
grounds contain, however, a proportion of white-lead, and in some red papers arsenic is 
used to fix the dye. Papers containing green are us a rule very objectionable, because 
they are often coloured with pigments containing arsenic, mercury,copper, copper uraemic 
(fiebcele’a green), and other deleterious substances. These By off iu the form of dust, 
and may poison the occupants of the room in which the paper is hung. 

Damp walls should be covered with a thin sheet of some waterproof material before 
the wall paper is hung. Thin sheet lead, tinfoil, indiarubber, guttapercha, and thick 
brown paper have all been used for this purpose, the melals being the U st but most 
expensive. The foil is made so thin that it may be fastened to the wall with paste. 

For hanging paper on damp walls the Germans coat a lining paper on one aide with 
n solution of shellac spirit, of somewhat greater consistency than the ordinaryFrench 
poll*]*/* and then hang it with the side thus treated to the damp wall. The psper- 
bnugiag is then performed in the usual manner with paste. Any other resin that is 
equally soluble in spirits may be used in place of the shellac. 

Wall papers (except the most delicate) may be finished with good copal varnish over 
2 coats of sixe, or Ihoy may l>e bought ready varnished. Flock papers may be painted 
(after well sizing) when they become shabby* In tome cn*ea they have a roller covered 
with wet paint passed over them, so that the raised pattern only receives the paint. 
Washable paperbanginga, made by Wilkinson and Son, of London, are said to become 
sa hard as stone when hung, to withstand washing, and to be non -absorbent of the con¬ 
tagion of infectious disorders. Such papers would of course be better than those of the 
ordinary description for a sick-room. The walls of hospital wards, however, arc generally 
rendered in cement, and brought to a highly polished non-absorbent surface, thus avoid¬ 
ing the use of paper altogether. 

Wall papers are intended chiefly for ornament* '5ss» 

walls, and give the room a bright cheerful appearance, A \i\ovn vrtkvX* 
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times be Applied with adjutage to ceilings, especially where, from want of iUffnm ia 
the floor above, or from some defect in the plastering, the ceiling is inclined toei&iL 

With regard to the choice of paper, Edia has lately offered so too wetl-eomukj^ 
remarks. The sixes of rooms should first be thought of, for papers with large fairj 
and wide dadoes are not generally adapted for am all rooms, and vice v er*?, 
designs do not suit spacious rooms. In the first instance, a cramped effect ia obuioal 
where there should he freedom and expanse, and in the second a feeling ©f vacuity k 
produced, and the intention of the design is lost, owing to the vast extent of sill 
exposed to view. A good deal also depends on the design. No strongly marked puttenu 
should be accepted—such as birds seemingly in flight, or cberuba holding frit* tea, 
frozen into rest, or bunches of flowers fossilized into unnatural forms, ao a* to jrasi 
longways and crossways, or any way they are looked at, clearly marked Hues or spotitt 
the general surface, at all times fatiguing to the eye, and tending to discomfort *U 
mental annoyance. In the main, broad, free designs suit nearly nil classes of jccc* 
and plant-life offers most opportunities for producing pleasing and elegant flpm 
embodying these qualifications, which possess the advantages of a simplicity and pm.tr 
of form that never wearies or grows tame and conventional. Moreover, with emiefd 
treatment, and an observance of natural con formation, floral designs may be 
far more consonant to nature and adapted to harmonize more thoroughly with iowwni' 
iugs than birds or figure subjects. Squares or circles at regular distances* or eemgfous'i’ 
atioiu of mathematical or architectural figures are to be avoided, for they invest a rwa 
with a solidity and formality tlwt can only bo wearisome, and the sameness of pattern, 
which is rendered doubly apparent by the methodical arrangement of lines, angles, tn d 
circles, tends to tire both the aye and brain. 

As to colour, drawing-rooms are usually furnished with lighter tinted paper tiat 
morning rooms. It is not advisable, however, to select a monochromatic pap?r, M 
although when first put up it may present a very clean and light appearance, m tli# 
absence of variety, more especially iu dull weather, invests it, after a time, with ccii 
and commonplace appearance. A paper ahould be selected, therefore, that appears Ip 
contain to the most advantage pleasing diversity of colour without gorgvons&ts*. ml 
easy and natural outlines without formality. Papers with considerable gold in them m 
suitable for drawing-rooms, because gold is In itself warm and at the same tin* light 
Cheap gold papers unfortunately soon lose tLeir gloss and look dull, but genet*!!* 
speaking, gold, if used sparingly and discreetly, forms a rich addition, and com!inn 
agreeably with ordinary tints. 

The dado is an indispensable addition to a modem room, and should be of a ghetto 
darker colour than the wall paper; this arrangement serves to show the paper to greater 
advantage than if the whole were of the same tint The top of the dado is uiudly 
finished off with a narrow strip of printed paper, and though this is apparently of bumt 
importance, it will if properly treated form a pleasing bead or connecting link bet«t<ro 
the dado and paper. The frieze is also an important item, and this Edia eug^u 
should be treated in good decorative subjects of figures, birds* or natural flowers; tut 
papers modelled on the latter are, as already pointed out, the simplest if not the tea 
suited for ordinary decorative purposes, where agreeable effects are sought without &v? 
great expenditure of money or artistic skill. A friece may also be formed of thick fiai 
paper, stamped leather, or raised plaster-work slightly tinted or gilded. This destroji 
the ricadne* of the wall, and conocals the junction of the paper with the ceiling. 

As regards the dining-rooms, and other rooms of a similar nature, it is adviiahk 
that ihe paper selected be of a dark, warm hue, not necessarily elaborate; but 
simple and appropriate. Here the dado may he finished at top with a small cak ordrd 
moulding, in lieu of the narrow paper bund before mentioned; this prevents (lie walk 
being broken by ebaira oi tribal ugwaat them. In ahooaing colours it 

should bo remembered tiiaV ^ 


PArEnHANfllKO, 


645 


as hint, greeii, and yellow, and the 2 former also, in a measure, absorb light, and thus, 
unless employed with discretion, reader a room somewhat darker than other colours. 
The so-eaUed saathetic * washed out 11 colours rarely suit the surroundings of ordinary 
life. Respecting bedroom papers, much might be written in condemnation of the hideous 
and artificial productions that pass by this name, and it is really surprising, considering 
bow essential to health and comfort a light and cheerful sleeping apartment is, bedroom 
wall papers have not suffered greater improvements in accordance with the require¬ 
ments of tho age. 

The papering of halls, staircases, and passages are points that require very careful 
deliberation if we wish to render them something more than long vaults walled in with 
blocks of imitation marble. As a rule we find varnished marble paper selected for these 
places, and the plea for its adoption usually hinges on the supposition that it renders 
passages 41 light,” and possesses tba property of being dean. Now it docs not require 
much deep thought to arrive at the fact that there are 51) papers at least in existence 
that will bear varnishing, prove equally “ light ” and yet be more appropriate to every¬ 
day life and every-day surroundings. 

The entrance hall should present a comfortable appearance, find a dark, rich paper 
with Indian matting dodo is very suitable for covering the walls. Light coloured papers 
ere not adapted for this purpose, as they show the smallest particle of dirt or (he faintest 
trace of a fingermark with alarming distinctness. And apropos of this point, it may not 
be out of place to suggest that hanging a few etchings, drawings, or paintings on the 
wails of landings, stairways, and India will prove u simple and effective way of intro¬ 
ducing a little * portable ** decoration in places where tho eye usually finds merely an 
infinite deal of nothingness. 

Respecting wall coverings for kitchens and similar apartments, plain, washed walls 
are undoubtedly cleaner than any papers, but if the hitter are to be employed, a plain, 
white tile paper is perhaps most in keeping with the fittings and furniture. If varnished, 
each papers may be easily washed, and thus rendered always clean and fresh. 

Expensive papers require to be hung with the most skill and care. At the sumo 
time, common papers are more difficult to hang well, as they are very apt to tear 
with their own weight when saturated with paste. In hanging flock or other thick 
papers, the paste should be applied some time before they are hung, in order that it 
may soak well into them. The ceilings should be finished before the paperhangmg 
begins* 

Before commencing to paper a wall, it is essential to see that the plaster hi in a per¬ 
fect condition and free from holes ; if not, these must be made good end allowed to dry. 
If the wall is being repapered, the old paper must first be stripped off thoroughly and all 
bidden defects remedied. The stripping is accomplished by well wetting the paper with 
a whitewash brush dipped into hot water. When soft enough, it is pulled away from 
the wall in a careful manner by the aid of a broad so-called chisel knife, or any smooth and 
equate edged substitute, repeating the operation on obstinate spots. It is best to burn at 
once the paper scraped off, especially when there has been illness in the room. 

The walls being in a fit condition to receive the paper, a point is chosen at which 
the hanging shall begin, and, if necessary, a perpendicular line to work by is drawn in 
pencil by the aid of a plumb-level. A line in the pattern is decided on for the top 
margin* where it meets the ceiling or frieze, and this must be carefully adhered to all 
round the room. In unrolling a piece of wall-paper, it will be found that it commences 
at the top of the pattern; consequently, as the papering should proceed towards tho 
right* commencing at the left comer of the mom farthest from the window, the right 
blank margiu will he the one to cut off, and this can be conveniently done as the 
unrolling progresses. Bearing in mind the top margin, strips are next cut off, at ths 
required length, in succession, always allowing a vk. 

tha bottom* Eti/sh at ri ft ia mm toil Ktf In vino- it f tic ft <\c\wi\wqv&* GW tVlOX 
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(3 ycl long if obtainable) at least a few in. wider than the paper. The paste is aids If 
tailing old flour with lukewarm water to a smooth consistence* then stirring and fracs* 
in bo thug water till the paste is complete; to thk may be added, while hot, a *Jnni 
of alum, at the rate of 1 ox* alum in 1 pint water, *ay § pint of the solution to A 
pail of paste, or i or. dissolved mc-rcary bichloride if vermin abound. 

The paste k allowed to cool, and k applied in a thin even coat by a a mall whifcwui 
brush, avoiding splashes and careless strokes, Some care is needed in lilting tU-;«*5d 
strip from tb< table lo the wall, as it is rendered rotten by the moisture. There u- 
2 ways of folding the paper to faidlitate its trans¬ 
port, a* follows—(!) Doable bock about 2 ft of 
the lower end of the pasted paper and form a loop 
of it ■ then fold about 1 ft* of the top buck on the 
unposted side, so us to form a loop for the bands; 
lift the paper by Ihk loop, attach it to tho wall a 
bttle high but square in place, adjust the top edge 
accurately and pull off the first patch which adhered, 
letting it fall smoothly back into placet press it 
sufficiently to hold, and then proceed to unloop the 
bottom fold, and til low it to fall into place. Finally, 
from the tup, gently press down the centre of the 
piece with a soft el tan duster, and from the central 
line inform the bo mo operation sideways.. UH tho 
whole has been gone over. (2) This plan is better 
when the atrip is very long, nud is shown ia Fig. 

1387, which almost explains itself: 18 in. nt the 
bottom is folded paste to paste; a treble fold tho 
same depth is made at the top, leaving enough for 
the Lunds toindd by, the thumbs being put trader a 
and the fingers under f>, The same mode of pro¬ 
cedure is followed, always avoiding anything like 
rubbing the paper, but rather palling it fiat. Excess 
of paste should be wiped off immediately from the 
edge* with a damp rag, renewed us soon us it gets 
dirty, and the top and bottom margins are pressed ia 
close with the seksora, svud cut off to pattern while 
damp. Soft brushes and padded rollers sometimes 
replace tho simple clean duster for patting close. 

The scissors should have very long blade*, 

LIGHTING,—The lighting of a dwelling is 
a most important eoimderation, as regard* comfort 
and health* Natural lighting is provided for by windows, the construction of whirh 
bus been described under Carpentry (pp* 318-50) and Glazing (pp, 627-34), The wind** 
area of a room should be well proportioned. In dwelling rooms it may awoiil 
tu half tli© area of the external wall containing the 'window*: in churches, &v. t | wifi 
suffice, Artificial lighting may be effected by means of candles* oil-lamps go*, ' 
electricity. Candles will always retain a place in domestic iUuimnaticin from tbvii 
and convenience; they need no description. Oil-lamp* cannot be passed over withcU » 
few lines concerning their principles and management, though their necessarily ikngvO'J 
chameter and generally unpleasant odour are great drawbacks to their adoption in tk 
house. Gas-fitting lias been described in a previous section (pp. 640-2), but mahdjfro 
the mecliankr* point of view ; something remains to be said,about burners And the 
merit of gas. biectiu: k as jet unsmird 

dciuetstic application, except 
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prevent fires and teriotu accidents* The aid of a skilled electrician is necessary in fitting 
up an electric lighting system, or mischief is an re to arise. 

Oil-lumpg, —The first lump worthy of notice is that introduced by Argand; it consisted 
of an annular tube, on wiiich the wick w as stretched; of a reservoir containing the oil; 
of a pipe hading from the reservoir to the wick; and of n holder for tbe glass, which 
impark'd, on turning, a spiral motion to the wick and thereby adjusted the flame. The 
reservoir was of the kind known os the 14 bird fountain,” whereby a bubble of air enteriug 
the small orifice at the base allows the egress of a small quantity of oil. This principle 
has since been applied to a very numerous class of lumps, especially those known as 
*■ reading lamps,” where the reservoir is higher than the wick. Argand’s lamp was 
suitable for both cotea and siierm oils. As the shape was ungaiidy, many expedients 
were devised whereby the flame could be fed from a reservoir below. Cored, in 17P8 t 
brought out a lamp which was almost universally used for many years in France. The 
principle of this was pumping, by 2 little clockwork pumps, a supply of combustible to 
tin. wick. The only objection to this is the constant need of repair to which the delicate 
mechanism is liable. The supply, when in good order, however, was so extremely steady 
na to cause this lamp to be taken on the Continent as a standard of illumination. The 
problem of securing au unvarying supply of oil without such complicated mechanism 
war* one which taxed the ingenuity of many makers. A very favourite means was that 
of hydrostatic power, whereby a heavier liquid solution was made to raise the lighter oil 
equably, as it consumed. 

Iveir, in 1787, mode a very ingenious lamp, consisting of 2 cylinders, the smaller 
floating in the larger. The wick was attached to the apex of the interior cylinder which 
contained the oil, and was open at the base, the exterior being filled with salt water. 
As the oil diminished, the salt water rose in the interior, and sank in the exterior 
reservoir, while the height of the interior cylinder was adjusted by means of a wooden 
float Porter, in 1804, invented a lamp which deserves mention, and which consisted of 
a rectangular box, balanced eccentrically, so that the position—horizontal at the com¬ 
mencement—during burning, gradually approached Lhe vertical. A larger amount of 
*jU being removed from the posterior, caused this to lose weight more rapidly than the 
anterior, the oil iu which was thereby maintained at a level. The name of Smethurat is 
clcusdy associated with lamps. Hu was the fir it to give a slope to the chimney, which 
Argtind had left straight, thus directing Iho air-current more accurately, and thereby 
increasing the draught and the brilliancy of the flame. The next invention of importance 
took place in I83ti, when Fnnebot invented the moderator lamp as at present used. This 
tiad already been foreshadowed in the inventions of Stokes (1787), Alloook (1807), and 
Fayre (1825), all of whom used pistons which forced the oil Up under procure. Fanchot 
gave the lamp its present form, which is, briefly, as follows i—The piston fits lightly in 
the reservoir, being provided with a leather collar, which admits of being raised with 
ease while the reservoir is full, but the descent is impeded by the collar being pressed 
Against the sides by the liquid. There is, therefore, no outlet for the oil hot by a flue 
tube passing through the piston up to the wick, which is, by this meant, fed by a 
constant stream of oil, the surplus dropping down into the reservoir above the piston. 
When the piston has fully descended, it is re-elevated by a cog and ratchet apparatus. 
The flow of liquid np the tube is regulated by a fine piece of wire, which partly closes 
the same and helps to cleanse it. By these mean a, very heavy oils can be burnt, and 
perhaps no lamp has enjoyed greater popularity than this. Ils defect* are the constant 
need of winding up, and liability of the fine tube to become clogged. Young’s “ Vesta ” 
lamp, first used in 1834, burnt 4 * camphine,'* or turpentine, with a very brilliant snow- 
white flume. The w Dm con ” lamp was a modification of the moderator, invented und 
used to America, 

The wick has been the subject of numerous mcdvficat\otv&. k% troVj 
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older cord wick, the flume was too thin, being blown out with every puff of lir. 
intrednccd tie circular wick, which hm maintained its form- A great *tep vm 
when the flat wick was forced, as in modem lamps, to adjust itself exactly to an mate 
tube. tins obviating the necessity of pushing the tube into an ill-fitting wick, la 
Hincks, of Birmingham, brought out a lamp with two parallel flat flames, cdld tb 
Duplex, which gives a remarkably good light, and has a world-wide reputation. To dr 
same firm are due ingenious devices for extinguishing and re-lighting the flame witkofl 
moving the shade, by merely pressing a trigger. 

An entirely different variety is Holliday's vapour burner lamp, of which m»r 
thousands are to be seen burning on costermongers 1 stalls in East and &Duth hnk 
The conical reservoir at the top is filled with light hydrocarbon oil, passing thm^t 
tap and tube into a burner of peculiar construction, and being ignited by holding a • 
flame for a few seconds, wdl continue to burn without wick furiously and safely si loj 
as the supply i* properly regulated* This may he said to be the Ural lamp which hors 
hydrocarbon oils, and no doubt for an open-air flame no belter cun bo, or at any rule W 
U tn* deviaed. Invention has been very active to devise means of burning bydn»car**» 
t*£U with safety in household lamps. In 1SH6, beiciienatadt invented a lamp fi*r humiLr 
a mixture of benzole and camphor, but the dangerous nature of benzole rendered U* 
form undesirable. Amman, in 1675, by a clever combination of oil aud wator, «ar 
etrueuxi a lamp to be extinguished directly it was overturned, or even deflected (Wan thr 
vertical. This masterpiece could also be trimmed, filled, and lighted without nu ns* 
the shade und chimney. Young and Silber are 2 names most prominent in the imp 
problem* James Young, as the discoverer and first manufacturer of puraffin «nl few 
•hole, was naturally the appropriate inventor of means for its safe combu'tiru, efi ' 
Young's Company now still supply u Vesta ft lam pa for burning their own prodoeTwm 

All the inventions thus briefly epitomized, have one or other of the following oticrti 
in viewTo supply oil regularly to the wick; to apportion the supply of air to t!» 
description and quantity of oil to be burnt; to provide simple means for regulating tb 
height of the wick, and consequently, the flame; and fluidly, to place the barony 
portion of the lamp in such a position ns not to bo obscured by the reservoir and c-tbf 
portions. The oldest lamps, as the antique Etruscan, and the cruiaie of Scotland. vert 
on the auction principle, and the wick depended for its supply upon ita own twpilhi? 
action. Ah the level of the oil was constantly varying, ao the light varied also, and tte 
first attempts of inventors were directed to maintaining an equal level of ail The lari* 
fountain aiul hydrostatic reservoirs partly attained this cud, and the Carrel cod 
Moderator systems were perfect of their class, mechanical or pressure lamp 1 I* fc 
evident that suction lamps depend for their efficacy upon the gravity of the cumbast&k 
A spirit lamp, with a good wick, will bum very well, though the wick be several hurt* 
above the liquid. With liquids volatilizing at low temperatures, there is always» 
danger of the formation of explosive mixtures. 

In 183d* Beale patented a lamp for burning mineral and wood naphtha*, anti 
from the distillation of coal tar, vegetable tar, and the like; the principle being tlv 
vaporization by means of n small secondary flame, from ft separate source, which *•«* 
burns out, having started the valorization. This lamp had no wick; the supply of fltri 
was regulated by forced air. 

Parker's lamp, listen ted 1840, should also be mentioned, os the mast succeed 
attempt Rt heating the oil before combustion* Here the upper part of the chimney 
made of copper, and passed through the reservoir tilled with a heavy luminant l_pu- 
ferably coconut oil or tallow). The air being expended, the oil fed the wick by It* ctv 
expansion, regulated by an ingenious mechanism. This was a so-called * tiuumM * 
lamp, and appears to have been held, by some, superior even to Corc^d'a as a rianktf 
fur photometry. 

Tho supply ot ol\ V> V\is wV«k M 
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the 1 surplus f«Il back into the reservoir. This can only bo feasible in the ease of heavy 
©Mat, especially animal and vegetable* The Russians boast of having constructed a lamp 
tr» solve the problem of burning their own heavy hydrocarbon oils, of which Baku pro¬ 
duces so vast a qnuniity: but as the demerits of such oils, especially the dogging of the 
w ink, cannot be ascertained in the few hours their committee appear to have spent upon 
the investigation, we must defer our meed of applause. The light hydrocarbons, such 
as petroleum, pbotogen, solar oil, and their polynomial varieties, must reach the arena 
of combustion in os smalL quantities, and at as high a temperature as possible, while the 
a apply of air, both from inside and out, can scarcely bo too abundant. 

At first sight, the burner of the Silber lamp appears to be a simple aggregation of 
concentric tubes—and this, in fact, it is. The use of these, especially of the itinerant, 
bell-mouthed pipes, becomes very apparent in the lighted lamp. Remove tho interior 
tube, and immediately the flame lengthens and darkens, wavers and smokes. The 
current of air which is, by this internal conduit, directed into the interior flame surface, 
in the essential principle of Wilber's invention. The wick is contained in a metal case, 
surrounded by an air-jacket, which passes down tho entire length of the lamp, having a 
tfumH aperture at the base, through which the oil flows from the outer reservoir to tho 
wick chamber. Thus, by the interposition of an atmospheric medium, the bulk of tho 
oil is maintained throughout at a low temperature; 2 concentric bell-mouthed tubes pass 
down the interior of the wick case, and communicate with the air at the base of the 
liintpv which is perforated for tho purpose; 2 cones, perforated, the inner and smaller 
throughout, the largest only nt the base, surround the wick, and heat tho air in its 
paottge through the holes to the flame. Tho effect of these appliances is, firstly, by tho 
insulation of the outer reservoir, to avoid all danger of vaporization of the oil, till actually 
in contact with the wick. As it is drawn nearer and nearer the scat of combustion, the 
hot metal wick-holder heats, and ultimately vaporises the lumiunnt, so that at tho 
opening of the wick tubo concentrically with the air condoits^all of which arc ex¬ 
ceedingly hot^a perfect mixture of vapour and hot air is formed, and burned. An all- 
Important feature is tho shape and position of the chimney, which influences the Hume 
t© the extent of quadrupling its brilliancy if properly adjusted. 

The preceding remarks have been condensed from Fields Cantor Lecture on 
Hliim mating Agents, read before the Society of Arts. 

Ga *>—Coal goa, being much lighter than air, flows with greatest velocity in tho 
tipper floors of houses; hence the supply pipe may diminish in size as it rises, say from 
1} in, at the basement lo f in. on the 3rd floor. At a point near the commencement of 
the supply pipe it should be provided with a 44 siphon," which is simply a short length 
of pipe joined at right angles in a perpendicular position and closed at tho lower end 
hy a plog screwed in. As all gas-tubes should be fixed with n small rise, this siphon 
will collect the condensed liquids, which may be drawn off occasionally by unscrewing 
the plug cud. When the lights flicker, it shows there is water in the pipes: the siphon 
prevents this. 

The number of gas burners requisite for lighting a church or other large building 
may be computed thus. Take the area of the floor and divide this by 40, will give the 
number of fish-tail burners to bo distributed according to circumstances. Example: a 
church 120 ft. long by GO ft. wide, contains 7200 ft. area - divided by 40, gives 180 
burners required for the same. 

Burning gas without a ventilator or pipe to curry off the effluvia, is trn barbarous 
as making a fire in a room without a chimney to carry off tho smoke. If a pipe of 
2 in. diameter were fixed between the joists, with a funnel elbow over the gaselier, and 
tho other end carried into the chimney, it would be a general ventilator, Of course, an 
©pen ornamental rosette covers the mouth of the tube; urun Arnott valve ventilator 
over the mantelpiece would answer the same purpose. 

In ttuwajr off the au-UsrhU at night. it ia usual. 1© Vaxu < 2 ®. 
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except one* and then turn off the meter mam code* and allow the one light k liar* tat * 
nut, and then turn it off, The evil of this system k thU*—by allowing the on*. b**i* * 

bum itself out* you exhaust the pipes and make a vacuum* and of course the atnrafha 
nir will rush in. Tlio proper way is to turn off all lights first, and finally t hr oas, 
thus leaving the pipes full of gus and ready for redighting. 

These few remarks have been derived from Eldridge*# 4 G&J-Filkr’* Gail', 1 a 
eminently useful and practical hondljnok. 

It was formerly the practice to make all gas burners of metal; tike openings *irAr 
slits or holes, from which the gas issued to be burned being small, in cider Is fW 
the rate of flow. This was an error* for heat and light go together* and the zrh 
being a good conductor of heat* ki j pt the lower part of the flume oold, The jort i 
burners actually in contact with the flame is now invariably of some Tiou-oondu.es 
material, such ns steatite ; and ibe effect of thisrimple improvement is moat uoterr.T^t 
Bad burners show a great proportion of blue at the lower part of the Haro*, *d (h 
upper or luminous portion ia small and irregular in shape* and dull in colour, IV* 
effects are due to gas issuing at too great velocity from small holes in burners, tu *4 
iu» to improper material in Ihe latter. The illuminating power of coal gas depend* epa 
the in candescence* at the greatest possible heat, of infinitesimal particles of carbon vita 
it contains, invisible until haded. In the lower, or blue portion of the flame, the h* 
is not sufficient to render these particles incandescent: and it la necessary tb±r ib 
effect sliould be secured at the nearest point to the burner. Unless this i± dafit. A 
light is not only lessened, but the unconsumed carbon passes off' and ia deported u **4 
on ceiling! and furniture. Blackened ceilings am a measure of the Ladm*a «/ ib 
burni- n. It will now be seen why a material which cook the flame should not U n*i 
for a burner, for the hotter the flame, the more perfect U the incandescence of tl*e*iha 
for which in reality the consumer pays* and the less danger them is of hUdcr-* 
ceilings. But in addition to the better materhil* the construction of even the d*sj»4 
modem burners k very greatly improved; although even a good burner may he sni^etd 
to such condition*— c. g. allowing gas to bo driven through it at a high total t) 1 
condition usually accompanied by a hissing or roaring sound—os lo give a Iwl reni 
The caiJocity of burners should moreover bear u reasonable proportion It* the qtaffig 
oF the gas for which they are required to l>e used, Thus with rich Scotch gas, bunas 
with very small holes, consuming duly about )§ cub. ft. hourly, arc sometimes adupkJ 
for economical reasons. Occasionally these burners find their way South, bat lb ir ur 
for the ordinary qualities of English gas is the worst possible economy. It U ifflShtH 
to lay down hard and fast rules for the sizes of burners* the purpose* for which gulkU 
is required Wing bo various. For an ordinary apartment, however, wherein dktribdd 
lights are adopted, 5-11. burners with 14 or lo candle gas, 4-ft humors with 16 or 17 
candle gas* 3 or 84 ft, burners with IS or 20 candle gas* and burners w.th eirkr 

gas will be found to give satisfactory results. It limy be remarked that the** iruu 
apply to burners regulated in some way to the given rates of consumption, and oat *» 
those merely reputed to be of the stated sizes. Various means ore adopted for checkup 1 
the flow of gas* not at the point of ignition, but at some prior point of its pkuw, 
because it has been found that the slower the rate of flow at the couimenMisfjl 4 
Combustion, the better the result obtained. 

Clustering of gas lights is bnd. All parts of a room should bo as nearly m pcwsiMf 
equally lighted* the only noteworthy exception to this rule being in the cose of a dinn? 
room, where concentration of light upon the table ia not only permissible hut J* 
demanded. Hence in most cases wall brackets give the best effect, and such onaef d 
light as are afforded by p rod auk of many anas are to be avoided, or are only mjoiftJ 
in very large rooms where portions of the floor area would otherwise be Insufficiently 
lighted. When it is &e*\ra& \n\\$wV w wckv s—than 

nothing h inure W* 
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them. As every gas flame may be considered equal to 12 or 15 candles, with aU their 
wick.- together, the inadvisability of further concentration is evident. In fact, gas is if 
mytMng too brilliant for living-rooms, and if it were always properly distributed, many u 
luiiJy-lighted apartment would be perfectly illumined with the same number of burners 
which, when massed, oppear insufficient. Where concentrated coiling lights are needed 
or dining-rooms, many-armed pendants are seldom satisfactory, owing to the shadows 
which most of them cost. In these cases a single powerful urgand light in a suitable 
reflecting pendant, or n duster of flat flames similarly provided, will give a better 
result than the usual branched chandelier, and with a material saving in gos. For it 
[s a curious ami valuable property of gas* that large burners can be rendered much more 
economical in proportion than smaller ones. Thus, if the 4 burners of n bmuehed chandelier 
give altogether the light of (say) 50 candles, the same illuminating power may be 
Attained from a greatly reduced quantity of gas when concentrated in a single burner of 
the most improved kind* 

With regard to the smaller flat flames, which are the most general for ordinary 
lighting, the selection of glass globes is a very important matter It may be said at 
once that all the old-fashioned style of glasses, with holes in the bottom about in. 
d i*m ( fur fitting into the brass galleries of the older pattern pendants and brockets, nru 
objectionable. The reasons for this condemnation are few aod simple. It seems never 
Id have occurred to the makers of these things that the gas flames inside the globes 
ar- always wider than the openings beneath them, through which the air required for 
combustion passes; and that, as n rule, the light of (he flame is required to be cost 
downward. Gas flames always flicker in these old-fashioned glasses, because the 
sharp current of entering atr blows them about. And the light cannot come downward 
because of the metal ring and its arms, and the glass, which is always thicker and 
generally dingier at Ibis part of the* globe. Perfectly plain and clean glass absorbs tit 
least of the light that passes through it; ground gloss absorbs and the ordinary 
opal obstructs at least §, and generally more. Only those globes should be chosen 
therefore which have a very large opening at the bottom, at hast 4 iu. wide, through 
which the air can pass w ithout disturbing the flame. The glass then fulfill its proper 
duty, screening the flame from side draughts, and not causing mischief by u j»erpetual 
up-current of its own. Good opal or flgurud globes of this pattern may be used without 
disadvantage, because the light is reflected duwn through the bottom opening more 
brightly than if there were no globe, while the flame is shaded and the light diffused 
over other parts of the room. 

The degree to which the luminosity of gas is utilized depends very largely upon the 
Irtmier, i^jple too often setting down as the fault of the gas, defects which should 
really be ascribed to the burner. In 1871, the Commission appointed by the Board of 
Tr idc to watch over the London gas supply, and whose prescriptions in these matters 
op more or less recognized by the whole country, made an examination of a collection 
of gas burners from u large number of sources, and including those in general use* 
The greater portion of these gave only 4, some even only of the light that the gas 
was actually capable of affording. Two points very often neglected are: (1) that the 
size or the burner should he proportionate to the quantity of gas required to he con¬ 
sumed by it, and (2) that the gas should issue at u very low velocity. In good argands, 
the pressure at the point of ignition is almost nil ; and in flat flame burners, the pressure 
should bo only just sufficient to blow (be flame out into the form of a fan. It is also 
very necessary that the body of the chamber bedow the point of ignition should he of 
material with low heat-conducting power, so that the gas may undergo no increase 
m volume which would occasion a proportionate increase of velocity, and tluit the heat 
may not be conducted away from the flame. To establish this, Evans had 2 argand 
burners made, differing only in that one had the comVwi^vun eWs&fci 'Cafe 
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15 to 13 fortlio Siimo quantity of gas. As another example a No. 8 raeUl Sit Ua I 
Varner, consuming 5 cub. ft. of gas per hour, gave a light equal to lrSnsdle. hi I 
iv steatite burner of corresponding size, with non-conducting combust ion chamfer. r»* 1 . 
14*6 candles. Another metal burner of tv description somewhat generally pm 1 
about £ of the light that the gw wus capable of yielding. Worn-out mdal VtM V 
generally give the best result, as the velocity of the issuing g*a is lower than vkt I ( 
the burners am now. A much better result is obtained by burning, say 20 <rafc. & <t I 
gas from olio burner, than by using 5 burners, each of which consumes 4 cub. ft Tie I 
is the reason why the modern argauds give so much more light than the older am I 
which were drilled with u very largo number of holes, and were more suitable for tottef I 
water than for illuminating. If the air which is to support the combustion U: I 

before it reaches the flame, especially in the ease of Hat llmuu burners betur ns* I 
arc produced, as was pointed out by Prof. Fhmkluud more than 10 years fi* X 
thii principle is now being carried out by some Continental burner makers. Of op4a I 
nrgiinda there are many excellent varieties, which can evolve 15-30 per cettL u* I 
light for the same quantity of gns than the best flat tlaiue burners. One kind conmttf w 
of 3 concentric rings of flame with steatite gas chambers was first used in thu pd* 1 
lighting of Waterloo Road in 1870. In another the products of combustion are tro^ I 
down in it flue fastened round the burner, so as to heat the air which supput# u* 1 
coniliuhtion as it jiasses in pipes throiigb the flue above-mentioned to th* ■ 
while a third kind has an arrangement for admitting separate rumen to of cnkUtft* 1 
keep the chimney cool. There seems little doubt that the argnrnl lamp will p! ‘ I 
leading part in the gas lighting of the future. An important point connected with (1* I 
use of gns is that the heat generated by combustion, may be made to dofba wmktfl 
ventilation, os in the fish-gill ventilator invented by tbo late Goldsworthy Gunity b I 
this strips of calico are nailed, by tbo 2 upper comers, across an opening tu tbfr ^ I 
in such a way that each strip laps over the strip next below* it. This ooulnroA 1 
opening and closing like the gills of a fish, is self-acting, as the located air pos«s»**F I 
through the porous material, and cold air is admitted without draught. 

EUdric Lighting —The following rules and regulations are drawn up by a coci&Ji* I 
of the Institution of Electrical Engineers for the reduction to si minimum to th* «* I 
of electric lighting, of those risks of lire which are inherent in every system uf an^-ai I 
illumination, and also for the guidance and instruction of those who bate, or » I 
eootemplite having, electric lighting apparatus installed in their premises. Tfe I 
c tdtk 8 that beset the electrical engineer are chiefly internal and invisible, and they ru i 
only be effectually guarded against by * l testing,”* or proving with electric ©ncr - I 
!■ ; : ’ ■'> .m leakage, undue reliance in the conductor, «nd bed • »■ I 

which lead to waste of energy and the dangerous production of best* These defect* iM l 
only bo detected by ruosstmtig, by means of special apparatus, the current* that 
either ordinarily or for the purpose of testing, passed through the circuit Should mi* 
become perceptibly wanned by the ordinary current, it is an indication that they wc W 
small for the work they have to do, and that they should be replaced by largvi win* 
Bare or exposed conductors should always be within visual inspection, and l# 
reach aa possible, since the accidental falling on to, or the thoughts as placing <*f j jtw 
conducting bodies upon, such conductors, would lead to “short circuiting/* anti tk 
consequent sudden generation of heat due to an increased current in conductun tA 
adapted to carry it with safety. 

Thu necessity cannot bo too strongly urged for guarding against the prt*ex< d 
moisture and the use of u earth " as part of the circuit. Moisture leads to loss of ntrrc- 
and to tlie destruction of the conductor by electrolytic corrosion, and the in judicious a* 1 
of “ earth " ns a part of the circuit tends to magnify every other source nf difficulty tod 
danger. The chief dwigpn c£ feVfcrj ukw tWlricU^ wU** fnirn Igimnet 

and inexperience. ou nratk oi vaA 
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j^te< t element of safety fa there fora the employment of skilled and experienced 
loc trie Sana to supervise the work. 

(a j The Dynamo Machine.—(I) The dynamo machine should be fixed in a dry place, 
2) It should not be exposed to dust or flyings. (3) It should be kept perfectly clean 
.ad its bearings well oiled. (4) The insulation of its coils and conductors should be 
fractieaHy perfect. (5) All conductors in the dynamo room should he firmly supported, 
sell insulated, conveniently arranged for inspection, and marked or numbered, 

(b) The Wires.—(6) Every switch or commutator used for turning the current on or 
iff should be constructed so that when it is moved and left it cannot permit of a 
M_*raiattent arc or of heating. (7) Every part of the circuit should be so determined that 
t h*? gauge of wire to be used is properly proportioned to the currants it will have to carry* 
ttitl all junctions with a smaller conductor should ho fitted with a suitable safety fuse or 
protector* so that no portion of the conductor should ever be allowed to attain a 
temperature exceeding 150® F. (65§° C.). (8) Under ordinary circumstances, complete 
metallic circuits should be used ; the employment of gas or water pipes as conductors 
for the purpose of completing the circuit should not in any ease be allowed. (9) Bare 
wires passing over the tope of houses should never be leas than 7 ft, clear of any part of 
the roof* and all wires crossing thoroughfares should invariably be high enough to allow 
tire escapes to pass under them. (10) It is most essential that joints should be elec¬ 
trically and mechanically perfect, and united by solder. The form of joint recommended 
ha shown in Fig. 1388. (11) The position of 
wires when underground should he clearly 
Indicated, and they should be laid down 
m to be easily inspected and repaired. 

(12) All wires used for indoor purposes 
should be efficiently insulated, cither by 
being covered throughout with some insu¬ 
lating medium, or, if bare, by resting on insulated supports. (13) When those wires 
julss through roofi', floors, walls, or partitions, or where they cross or are liable to buck 
metallic masses, like iron girders or pipes, they should be thoroughly protected by 
suitably additional covering; and where they are liable to abrasion from any cause, 
or to the depredations of rata or mice, they should bo efficiently encased in some hard 
material. (14) Where indoor wires are put out of sight, as beneath flooring, they should 
be thoroughly protected from mechanical injury, and their position should be indicated. 
K.B.—The value of frequently testing the apparatus and circuits cannot be too strongly 
urged. The escape of electricity cannot be delected by the sense of smell, as can gaa, 
but it can be detected by apparatus far more certain and delicate. leakage not only 
means waste, but in the presence of moisture it means destruction of the conductor and 
lid insulating covering, by electric action. 

(<?) Lamps.—(15) Arc lamps should always bo guarded by proper lanterns to prevent 
danger from falling incandescent pieces of carbon, and from ascending sparks. Their 
globes should bo protected with wire netting. (16) The lanterns, and all parts which 
are to be handled, should bo insulated from the circuit. 

(d) Danger to Person.—(17) Where bare wire out of doors rests on insulating 
supports, it should be coated with insulating material, such as indianibber tape or tube, 
for at least 2 ft. on each side of the support. (18) To secure persons from danger inside 
buildings, it is essential so to arrange and protect the conductors and fittings, that no 
one can be exposed to the shocks of alternating currents of a mean electromotive force 
exceeding 100 volts, or to continuous currents of 200 volts. (19) If the difference of 
potential within any house exceeds 200 volts, the house should be provided with a 
** switch," so arranged that the supply of electricity can be at once cut off 

With reference to par, (10), Bo las says that the best way to make an ekdtrka.1 V&A. 
is, first to thoroughly rin the wires, and then wipe them c&ttfdfrg nsXk&ss SW$ 









hot; any chloride of duo which may have been used be mg next removed bj & 
cloth. The wires are then bound, and subsequently well grouted with aoMcnpmnij 
being used a* a flux. 

Killingworth Hedges in a paper recently read before the British Assootntkin,tDiSe 
to tome sources of danger not previously mentioned. Sir David Salomons* tn 
known book on * Electric Light Installations*' alludes to tire safety which fjt 
to an installation by the judicious u&o of cut-outs. Ho eta tea that Mcsctb. 
and Rawson's Cunyoghame typo of mercury magnetic cut-out is the be*! of all yrwi 
patterns* and that it had been invaluable to him. This instrument, of which thftuttfc 
hare been sold, is in use on installations in all parts of the world. 

VENTII#ATIN G,—This subject has long been left in a very UUBatiftfactnn 
of neglect, despite its importance with regard to health. The following remnrb i» 
mainly gathered from a paper on the subject recently read by Arthur Walraislcv L<i* 
the Civil and Mechanical Engineers' Society, in which ho reviews the pnuijd 
systems. 

A system in very general use is found in Moore's patent ventilator* which conus* ^ 
gins# louvrcri flted so as to open at any angle required with facility by means of * *«i 
which, when set free, allows the louvre plates to close of themselves airtight M- «*» 
sliding glass ventilators* which are usually made in circular plates of 9 in, or 10 tn. if* 
meter, with egg-shaped openings neatly cut and turning on slips of glass with tewhd 
edges, arc very effective for the admission or extraction of air in a room, but admit ttaaa 
in wet weather. Another method of admitting fresh air to a room consists in lrann?M 
uperture in the external wail, at a level between the ceiling of one apartment nad tb 
floor of the room immediately above, then to convey the fresh air through s *^***-» 
from the external wall to the centre of the ceiling of the apartment below* where tb#* 
can bo admitted by an opening and dispersed by having a flat board nr disc hi impta* 
against, suspended 4 in. or 6 in. below the opening of the ceiling, anil so ecaltefid *m 
the room. The cold air, however, thus admitted, plunges on the heals of the ocvufMH 
of the room and mixes with the hot air which has risen near the ceiling. A top vhijwt' 
Bash lowered a little to admit freak air ha* the same disagreeable effect the cold n.ijWt 
drawn towards the floor by the chimney draught, and leaving the hot air to stagnate war 
the ceiling. In any siphon system placed vertically the current of air will tsifcv byte 
short arm, and take its exit by the long arm, and thus the chimney flue acts as the lag 
arm of a siphon, drawing the* fresh air from the nearest opening. Fresh air mil b 
introduced through perforations made in the woodwork of the bottom rail of the doer * 
the room, or through apertures in the outer wall, admitting the fresh air to spares 1*kri 
the skirting board, aud making the latter perforated. The only objection to this pka a 
the liability for vermin to lodge between the skirting board and the wall. This ts*y 
prevented by covering the outside apertures with perforated zinc, but such covering da 
helps to keep otft the full supply of fresh air- 

Butler recommends, while admitting the cold air through side walls near the to? 
level, and allowing the foul air to escape at the ceiling* that the fire draught should b* 
maintained quite independent of the air inlet to the room, the requisite amount of air fer 
combustion being supplied by a separate pipe Jed through tho hearthstone with iii fa* 
towards the fire, the latter acting as a pump, which hi sure to procure its own mIIohw 
from the nearest source; thus the draught which would otherwise U* felt by tie to 
drawing its supply from the inlet acres a the room is considerably reduced- Thu fitJ ait 
may enter the ceiling in the centre* aud be conducted by an air-flue either to the nuhsh 
nr to the chimney. Tho chimney is the beat extractor* m its heated condition grstif 
favours the ventilating power. 

Dr. Arnoti waa one of the first to draw attention to the value of a chimney aa a mam 
of drawing off the foul air from the interior of an apartment He invented a veatilsJ* 
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entirttag of a well-balanced metallic valve, intended by its iortantanetmi action to close 
iguinst down draught and so prevent the escape of smoko into a room during the use of 
Iff*? If the tiro is not alight, what is known as the register of the stove should be 
tJoaed,, or a tight-fitting board placed iu front of the fireplace, with the adoption of all 
:lumney-ventilators fixed near the ceiling, 

A very ingenious device was described by Prof, Mo ran at a recent meeting of the 
** American Association for the Advancement of Science/’ held in Minneapolis, having 
for its object the utilization of the sun’s rays for wanning and ventilation. The device 
consist* mainly of a slaty surface painted black, placed vertically on the outside wall of 
» building, wiih flues to conduct the warm air to the inside. The slates ore inserted in 
& groove-like glass in a frame, A library measuring 20 ft. by II ft., by 10 ft. high, was 
wormed in this way by an apparatus measuring 8 ft, long by 3 ft, wide* and was thus 
k*rpfc comfortable throughout the winter except on a few of the coldest days. Pmf. Morse 
*tnu a that as a general result of the experiments a difference of 30° could thus be secured 
during 4 or 5 hours of the day. He found in the morning that when the surfs rays 
re-ted directly on the apparatus the air passing through it was raised about 30 J f and that 
it discharged 3206 oub. ft. of warm air per hour. The sun, by heating the solid objects 
upon which its rays fall, causes a gentle and regular circulation of air along the surface 
of the ground. This fact suggests the advantage of so placing a building that a 
maxi nun a amount of sunshine is admitted into the rooms most occupied. Where air 
without the sun’s heat is required, as in the case of meat markets, the method adopted 
in the design for the Metropolitan Cattle Market may be recommended, where 5 louvre 
liourd^eaeh 8 iu. by | in,, are mode to revolve on pins fixed near the lower ends of 
support; these louvres open or dose by means of a chain pussing over pulley blocks. 

In America the plan most generally adopted for the ventilation of some of their large 
institutions is to admit the fresh air in the middle of the room, after warning it by a 
biovo or other heating appliance, placed either in the mom or in another compartment, 
and connected by an air-duet to the centre. The air so admitted first ascends to the 
ceiling, and then is supposed to be drawn down from apertures near the floor in the 
walh of the room, whence it is allowed to escape by passages to the smoke-flue, and so 
to the outside. In some of their hospital* fresh air is admitted through a series of long 
narrow apertures, covered with a perforated plate, situate one over each bod a little 
above the patient’s bead, and drawn out through a tube at the foot of the bed, which is 
placed in communication with a suction flue, the object of this arrangement being to free the 
neighbouring patients from the danger of inhaling the heavy gases generated in disease. 

In St Thomas’s Hospital, Lambeth, each ward contains central fireplaces facing tbo 
end of the ream. The fresh dr is admitted nt the floor level, after passing through a 
flu© open at one end to the external air, and warmed by passing through n bot-air 
chamber behind the fire. The vitiated air escapes into an up-cast flue through a grating 
at the level of the ceiling, from whence it is drawn into an iron flu© enclosing the smoke 
flue of each fireplace, the beat of the latter being considered sufficient to create the 
required suction for its extraction. 

A better arrangement, in the author’s opinion, is that adopted at Guy’s Hospital, 
London, where advantage is taken of the girders carrying the floor for ventilating the 
wards. The fresh air is drawn down 2 lofty shaft*, one on each side of the main entrance, 
into a compartment in the basement, where it is heated by hot-water pipes before passing 
through the air-ducts into the wards, entering them through gratings on the floor level. 
The upper flue is embedded in the concrete of the floor, while the lower flue is below 
the ceiling of the ward. After passing through the wards, the hot air is extracted 
through apertures near the ceiling into a series of independent flues communicating 
with a shaft placed near the centre of the building, so as not to interfere with the action 
of the down a bafts, and carried up outside the roof to a greater height than the othev 
shafts. The velocity' of an escaping cur rent w ill he ptopoiVvu'mA V* 'Otus ’'Qw* 
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excess of the temperature of tha heated air in a flue over the air outride the flu. I 
also to the square root of tbe height of the due or chtmne y, and the volmo? in I 
extracted is consequently proportional in addition to the sectional areu of the Sue, 

Mechanical Ventilator *, requiring motive power, bear a similar relation te n> I 
run tie appliances for the same pur pose, as at earners bear to tailing tcskU, sal m I 
possibly destine*] to supersede them in » similar way* Heat &a m ventilating igcat hi I 
been largely used, but if more than a very alight effect ta nequired, or if the rrr^ I 
stances present any difficulty, it is neither economical nor efficient. It feu long te* I 
practically displaced in name* by power-driven fans, and though in buddings »bm I 
ground there baa been a less urgent necessity for using power for pasting air tinn^ 
them, more would probably have been done in years past if perfected appliances Ui | 
been available, such as would fulfil the desired conditions welL 

Centrifugal fans, such ns are used in mines and forges, are too concentrated ml 
intense in their action for me in buildings, where there is note—or should not be get 
resistance to overcome, and where the object is to move the air slowly—all ahreuia ' 
ift speak—avoiding as far as possible any draught or local nmli of air. 

As might bo expected, mechanical ventilation has made roost progress among Lb* 
who wire already users of motive power. 

The Blackman Ventilating Company, of London, state that during the eight mi ' 
in winch they have made their patent ventilators (aa illustrated. Fig. 138$), they ten I 
supplied from eleven to twelve thousand of them (exclusive of nearly as Utgea nornl** I 
niLidf in the U t.itt d Stiitr*), of F-iros averaging an i flmiency of 10,000 ni bit M ■ • 
per minute. Taking the number at 12,000 ventilators, the total duty of these u tbs I 
120,000,000 cubic feet per minute, or 7,200,000,000 per hour. These figure* testify t* ] 
tho importance and value placed on ventilation by power, referring as they dote*! I 
particular appliance introduced only eight years ago. 

When driven (in the same direction as the hands of a clock) the forward edgti 4 I 
tho blades cut the sir easily, and iif> tlieir closed outer ends prevent its radial t *<%ft I 
they compel it forward, arid cause a continual current towards both the edge sod tia 
face of the wheel■ thus drawing air from all parts of the space in which the appliiaa I 
i» filed, and therefore with a minimum risk of draught. 

Mechanical ventilation generally takes the form of exhausting from a room « I 
building, which favours distribution of effect 
much more than blowing into it, and is 
generally more suitable for the immediate 
purpose; this, as a rule, is not ordinary 
ventilation, but the removal of some local 
impurity or floating nuisance, such as heat, 
steam, dust, or fumes, smoke, Ac,, Ac., given 
off from defined sources, but which if not 
removed direct spreads and vitiates the whole 
atmospheric contents of the factory, doing 
damage often also to plant and premises. 

There are many industrial establishments 
in which the Blackman Air Propeller is used 
for drying the raw material or tho finished 
product, where the large quantity of air re* 
quired for the drying is taken from adjoining 
rooms—often through several in succession— 

thus ventilating them thoroughly without im Tb* BUckuun Air Prcpdtet. 
additional cost of working; and the heat that would otherwise be injurious sod 
annoying in other Itjoma ii thus utilised for tbe drying process. la tho «me war, i* 
that has been used for a diy vn^ ^wx^uaa \* dtan VkwA. % xomi a 

uldch feleaiu i* given off, tten nnk 
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The ventilating engineer, in applying mechanical ventilation to factories and 
workshops, has greater freedom of action than is allowed to him by tbe architect* who 
control the arrangements in public buildings \ the consequence is that there are 
factories, especially in the textile trade, in which there is ventilation of a better 
quality (that ia, more perfectly distributed and much freer from draughts) than in 
public buildingi, however great the sum of money that may have been spent ou their 
ventilation. 

It may be necessary to say, however, that ventilating arrangements that work well 
in summer time are not necessarily satisfactory in winter, when ventilation cannot be 
satisfactory without heating, and heating cannot be wholesome without ventilation. 
11 often happens that this “ ccay couple* are separated, and each then gets a had name 
for want of the comforting influence of the other. 

Steam is a convenient means for supplying both heating and motive power, but that 
is mainly a question of convenience. 

The application of power to ventilation may have come too Into to “reduce it tea 
science,*' but it has brought it within sound lines of basin ess, and made it possible to 
secure a supply of fresh air at a stipulated and controllable rate per minute or per hour, 
at any time of the day or at any season of the year. 

An air-cleansing box is illustrated in Fig. 1390: cr, inside of room; b, floor; c , trough 
or tray for holding water or disinfectant fluid; d, tube. 



Boyle's patent self-acting air-pump ventilators are well known, and are found te 
answer well in their continuous action under all varieties of wind pressure; they 
are often adopted without any inquiry being made us to the scientific principles on which 
they are constructed. They consist of 4 sections, each acting independently of the 
other. The exterior curved baffle-plate prevents the wind blowing through tho elite 
formed in the immediate interior plates, and tends to concentrate the current. These 
interior plates are curved outwards, so us to take tho pressure off the vertical ^lits, 
which form a communication with the internal chambers, through which tbe air im¬ 
pinges on inner deflecting plates, and Is further directed by the radial plates. Tho 
external air impinging on the radial plates is deflected ou te the side plates, and croaks 
an induced current. In its passage it draws the air from the central vertical chambers, 
expelling it at the opposite opening. The vitiated air immediately rushea up tbe shaft 
connecting the venti later with the apartment to be ventilated, extracting the air and 
producing a continuous upward current without the possibility of down draught 

A somewhat similar arrangement to Boyle's ventilator is patented by Arnold W. 
Kershaw, of Lancaster, and consists of 3 rims of deflectors or plates, with openings in 
each, so arranged that the openings in one rim are opposite the deflectors in the next 
Inner or outer rim, the effect being that whatever the directum oC VvcAAV 
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tl MUgh the Tent iU tor without being able to enter the central sLafh and fa fucr I 
©rente# a partial vacuum, which induces an upward current in IIm? up-art strw?t rite*. I 
ihe possibility of down draughts. Both Boyle's and Kershaw’# P*if fl 

arc siiitable for filing in ventilating towers or turrets. In the case of ddmfier ta I 
where there is an? obstruction that breaks the wind and produce# a swirl, c4 • I 
would be caused by dose proximity to higher buildings or raised gables, toti I 
draught may be prevented by the u&c of a properly-constructed chimney oewL In* I 
shnw's chimney cowl is a modification of his pneumatic ventilator, and <mm4 I 
deflecting plates m arranged that there is no possibility of a down draught r. i I 
chimney cowl is better known than Kershaw's, and ia very effect ire. It rotmai s I 
deflecting plates so fixed that if a body of air is forced in at the false top, fcruaJ J I 
pissing down the vent, it is split up by an inner diaphragm, -deflected nvur the rri I 
top, and poaied over at tho side openings, thus cheeking the blow down and Miirtoj I 
the up draught, Kershaw's patent inlet and air diffuser consists of a tube w&v I 
between the outside and inside of an apartment rising vertically on the fn®<ia tte I 
upper extremity having radiating plates, which diffuse the incoming current Gnaty I 
speaking, a sufficient amount of froth air enters under tho door to a room or betww 
the window sashes or frames ; but in apartments where doors and windows fit tigUr. 
some arrangement for the admission of fresh air becomes indispensable, In tliU dsarit 
during 7 mouths of the year, the external air is usually too cold to be admitted rirjmh 
into the room. The plan of admitting fresh air to a space behind the grates, tenia* ij 
the air through channels on each side of the fireplace, and ultimately puss* * 
through perforated gratings within the wall or through perforation# in the ifciftaf 
board cm each side of the tire place cannot be commended, as the passage# w »t t* 
get choked up with dust, and the temperature of the air cannot be well rtgujitel it 
its passage into the room. The true object of a fire and chimney flue should nut b» u 
supply fresh air. hot to extract it after it has done its work, 

WARMING.—Iti connection with warming on apartment, it is obf ioadjI 
necessary condition that the warmth shall be conserved as much as possible. Be* 
there is an evil in having too much glass, as it cool# the room too fast in the vans 
seastm: 1 sq. ft of window glass will cool I $ cub. ft. of warm air In the room 1o tfs 
external temperature per second ; that is p if tho loom be warmed to 60° F., aid ite j 
thermometer stands at 30" F. outside, there will be a less of 00 cub. fte of warm si: U i 
00° per second from a window containing a surface of gUsi of 60 ft In I 
climates than tliat of England, this subject is of much greater importance. In Amrrrv 
for instance, during the mid weather, there will always be found, no mater h* 
tightly or closely the saahei arc fitted and protected with weather-strip#, a draucfcl d 
cold air falling downward. This arises from tho contact of lb* 
cold glass, which renders I he air cooler and heavier, and causes it to fall The air, it 1 
the same lime, parts with a considerable proportion of ito moisture by ccmdensaUnc 
the glass. The cold air thus formed falls to the floor, forming » layer of cold *r. 
which surrounds the feet and legs, while the upper part of the body is enrcl ^tt 
overheated air. The layers of cold and warm air in an apartment will not mix. TV 
warm air will not descend, and the cold air cannot go upward,except the te d«|irr^ 
of its beat by radiation, and the other receives its heat by actual contact v *1 » 
heated surface. This radical difference in the upper and lower strata of tktmoqhi* 
of the rooms, m which people live during the cold soMcn, i- tin- prolific cause of awl 
of the throat and lung disease# with which they are afflicted. Double window# P tW 
houses, tli ore fore, would not only be a great economy ao to fuel, but highly conduct 
to human longevity. 

There are ouly 2 ways in which dwelling-houici can be heated, namely, by ndwtf I 
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heat and by liot air, The former Is produced by the open fire, and by it alone. The 
fetter is obtained in various ways. The question whether we shiili use hot air or 
radiant heat in our roetna fe by no means one to be lightly passed over. Instinct tells 
m to select radiant beat, and instinct is quite right; it is so because radiant heat 
operates in a very peculiar way. It is known that os a matter of health it Is best to 
breathe air considerably below the natural temperature of the body—98° F.; in air 
heated to this temperature most persons would iu a short time feel stifled. But it is 
&!*:* known that the body likes, as far as sensation is concerned, to be kept at n 
temperature m near 9S° F, as may be, and that very much higher temperatures con be 
enjoyed : ns, for example, when we sit before a fire, or bask in the Run, Now radiant 
heat will not warm air as it passes through it, find ao, at one and the some time, wo 
cun enjoy the warmth of a fire and breathe that cool air which is beet suited to the 
wants of our system. Heroin lies the secret of the popularity of the open fireplace. 
But iu order that the open fireplace may succeed, it must be worked within the proper 
lifuila of temperature. If air falls milch below' 40° F. it becomes unpleasant to breathe 
and It is also very difficult to keep the body warm enough when at rest by any quantity 
of clothes. In Russia and Canada the temperature of the nir outside the houses 
ofte n falls far below zero, anil in the houses it cannot be much above the freezing-point. 
Here the often fire fails; it can only warm air by first heating the walls, furniture, and 
other materials In a room, and these, in turn, heat the air with which they come in 
contact. But this will not do for North American winters; and accordingly in Canada 
and the United States the stove or some other expedient for warming air by direct 
contact with hunted metal or eartheuwaro is imperatively required. But this is the 
misfortune of those w T ho live in cold climates, and when they ask us to follow their 
example and take to close stoves and steam-pipes, and such like, they strongly remind 
ns of the fable of the fox who bad lost his tail. How accurately instinct works in 
the selection of the 2 systems is demonstrated by the fact that a succession of mild 
winters is always followed in the United States by an extended use of open grates; 
that is te> say, the English system becomes, or tends te> beeomu fashionable, while, on 
the other hand, a succession of severe winters in this country brings at once into 
favour with builders and others a whole host of close stoves and similar devices which 
would not be looked at under more favourable conditions of tho weather. While 
English winters remain moderately temperate, the open fireplace will enjoy the favour 
it deserves, as not only the most attractive, but the moat scientific apparatus available 
for wanning houses. (Engineer.) 

In discussing the various methods of warming, it will bo convenient to classify them 

under general heads. 

Open flrottf.—The ordinary open grate is too familiar to need any description, but 
it in wasteful of fuel to a degree that could only be tolerated in a mild climate where 
fuel was cheap. As a matter of fact, only some 10-12 per cent, of the heat generated 
in an open grate is utilized, the remainder going up the chimney. But this very fault 
U in one sense a virtue, in that it performs the ventilation of the upnrtment in an 
eminently satisfactory manner. By the addition of a contrivance for regulating the 
combustion in an open grate, the fuel consumption is much reduced, the combustion 
is rendered more perfect (diminishing or preventing smoke), the radiated heat Is much 
increased, while tho appearances of an open grate is retained, though it is in reality 
converted into an open stove. 

Open Stove.— This subject has been ably discussed by Dr. Pridgm Teale, in con¬ 

nection with the economising of fuel in house fires. His remarks will w ell bear repeating, 

•* It is hardly possible Co separate the 2 questions of economy of fuel and abatement 
nf smoke. None who, in their own person, or ns the companion or nurse of friends 
and relatives, have gone through the miseries of bronchitis or asthma in a dense 
London fog, can foil to perceive that this is a imoua tnndka\ > 'qr& Ivs* ^ 
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economical, question. Nine million tons of coal—one-fourth of the domestic fed 
consumption in this kingdom —Is what I estimate as a possible reward to the public 
if they will have the sense, tho energy* and the determination to adopt the ptinripla 
here advocated* and which can be applied for a very small outlay. Much has been mb 
by scientific nmn about waste of fuel* and strong arguments have been advanced whkh 
make it probable that the most economical and smokeless method of using coal k tn 
convert it first of all into gas and coke, and then to deliver it for consumption in this 
form instead of couL Theoretically, no doubt* this is the most scientific and mist 
perfect use of fuel, and tho day may com© when its universal adoption may bo possible. 
But before that time arrives many things must happen. The mode of mnnafiictnre, 
the apparatus on a mighty scale, and the mode of distribution must be developed, n«y, 
almost created, and a revolution must bo effected in nearly every fireplace iu the 
kingdom. At present its realisation seems to be in a very remote future. Mnmthss 
I ask the public to adopt a method which is the same in principle, and in perfection not 
»o very far short of it. It is nothing, more nor less, than that every fireplace should 
make its own gas and burn it, and make its own coke and bum it, and this eta be 
done approximately at comparatively little cost, and without fulling foul of any patent, 
or causing serious disturbances of existing fireplaces. We must, first of all, do awn 
with the fallacy that fires won’t burn unless air passes through the bottom or fmnt 
of the fire. The draught under the fire is what people swear by (aye. and many 
practical and scientific men too), and most difficult it is to sweep this cobweb away firm 
people's brains. They provide 2 or 3 times m much air as is needed for combustion, 
perhaps. being the necessary supply of oxygen, the remainder serving to innke 4 
draught to blow the firo into a white heat, and lo carry no end of watte heat rapidly 
up the chimney; f of cold air chilling the fire, | more than needful of cold air eamiur 
into tho room to chill it; and much of tho smoke and combustible gases hurried ttnlmnu 
up tho chimney, Tho two views which I am anxious to enforce upon the attention of tbs 
public, of builders, of ironmongers, and of inventors, are these: that the open gratis? 
under the fire is wrong in principle, defective in heating power, and wasteful of fuel, 
and that the right principle of horning cual is that no current of air should pus* through 
the bottom of the fire, and that I he bottom of the fire should bo kept hot, Thi* 
principle is violated by the plan of closing the slits in the grate by an imn plate 
on tho grate, which cuts off the draught, but allows the chamber beneath the Sic t 
become cold, and when cinders reach the plate they become chilled, cease to burn. 
the fire becomes dead. The right principle is acted upon by the various grate* with 
fire-brick bottoms, and the English public owes much to the inventor of this principle 
ns carried out in tho Abbotsford grates, which have done much to educate the Bribdi 
public in the appreciation of the fact that a fire will burn well w'itb a current of iir 
passing over it, and not through it. But there is a better tiling than the solid An* 
brick bottom, and that is a chamber underneath the gmting, shot in from the outer 
air by a shield resting on the hearth and rising to the level of the bottom bar of tli<? 
range. This hut-air chamber, into which fine ash can fall, produces on the wb^a 
a brighter and cleaner fire, and one which is more readily revived when low, than th* 
solid fire-brick. There is another mighty advantage in the principle of the ** economicr" 
—an unspeakable advantage, it is applicable to almost every existing fireplace, and it 
need not coat more than 3-4*. This idea has now been long on its trial. It has Uvn 
applied in hundreds of houses. It has been submitted to tho very severe tent of befap 
applied to an infinite variety of grates, under a great variety of circumstances, and tried 
with coke, anthracite, and coal, good, bad, and indifferent The effect has Wo, in « 
enormous number of instances, a market! success in saving coal and labour, and la 
more comfortable uniform warmth to the room. The failures have been very fc* 
indeed. I have drawn up 1 rute^for the construction of a fireplace, all of which m 
^renounced to be sound 
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1. A» much fire-brick, and ns little iron as possible* 

2. The back and aides of the fireplace should bo fire-brick. 

3. Thu back of the fireplace should lean or arch over the fire, bo ns to become heated 
;ke rising flume, 

I. The bottom of tho fire or grating should bo deep from before buck wards, probably 
less than 0 in* for a small room tior moro than II in. for a large room. 

L The slits in the grating should be narrow* perhaps ( in, wide, for a sitting-room 
e^ jj in* for a kitchen grata 
h Tlie bars in front should bo narrow, 

r. 1'be chamber beneath the fire should be closed in front by a shield or economiser. 
1 There is one caution which should be given. There u no doubt about the fact that 
icdintely beneath the lire the hearthstone is hotter, and the ashes remain much 
er when the * economiser 1 is used. This imty increase the risk of lire whenever 
ien beams lie under the fireplace. In any case of doubt, the best plan would be to 
t up the hearLli6tone and examine, and relay with safe materials; but should this be 
jisible, safety may be secured by covering the hearthstone with a sufficient thick- 
of fire-brick, just within the space enclosed by the * economiser "—leaving n space 
or more in. between the fire-brick licartb and the bottom of the lire. In lighting 
tire, if there bo no cinders on which to build the fire, it is well to draw away Ibe 
uoDiber 1 for a abort time until the fire has got bold; lint, if there be cinders left 
t the previous day, on the top of which the paper and wood can be placed, then the 
may be lighted with the 1 economiser' in its place. There is a great art in mending 
e. It u wasteful to throw lumps of coal higgledy-piggledy on a fire. Tho red 
era should be first broken up so as to umke a level surface; thou pieces of coal should 
lid fiat on the fire and fitted in almost like pavement; lastly, if the fire is intended 
im slowly and last very long, small coal should be laid on the top. An * economised' 
to made will, in a short time, heat tho coal through, and give off goaes, which will 
to and burn brightly on tho surface of the black mass, and when tho gases are 
it off there is a largo surface of red-hot coke*" 

Fhe annexed illustrations show tho application of the economiser. Fig* 1391 is a 
len range, a being tho economiser and h tho front dumper. The latter should 
,ys bo used in warm weather, unless the front of tho fire is needed for roasting, and 
ilil be put on at night* Fig. 1392 is a bedroom fireplace having fire-brick sides a, 
brick back b leaning over the fire, narrow front bars c movable, grating d with 
ow slits, chamber under the firo closed by economiser i?, and front damper / winch 
close the lower \ of the front of the fire at night or when a slow fire is ucoded. 

Fhe 14 economiser 1 ' is a shield of sheet iron which stands on tho hearth, and rises as 
as the lowest bar of the grate, against which it should fit accurately, so as to shut 
le space or chamber under the fire. If tho front of the range be curved or angular, 
i most register stoves, the economiser will stand, owing to its shape—but if the front 
aright, thu economiser needs supports such aa are shown. “ Ordinary cououmisers ” 
undo of 16-gaugo charcoal iron plate* with jj-In, bright steel moulding at the top, 
moulding at tne bottom, aud 1 or 2 knobs as required, ° Kitchen economisers " 
nude of 16-gauge iron, with J-in* semicircle iron at tho top edge; and with support* 
roll form of Jdn. semicircle iron* Some makers use rather thinner iron plate and 
strength by tho mouldings. Some have used too thin plates, little butter than tin, 
h have warped aud so become more or Ichs useless. Great care should bo spent in 
ig the dimensions—as every grate hue to be measured—os a foot for a booh This 
ers it almost impossible to send orders to a maker by post. Some skilled person 
I take the measure, and take it accurately. Tho dimensions to he taken are; 
y, tho outline of the bottom bar of the grate. If it bo curved, or angular, tho 
no can be well taken by a piece of leaden gas-pipe, which, moulded to the outline* 
then bo traced upon paper or carried carefully to 
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tiorvs vfiIJ work well provided that the main principles be adhered to of suiting off tie* 
under current," and 41 keeping the chamber under the fire boh n But the simplest 
id fhe beat 

Fig, 1393 illviatmtya \\ iovi lyp\cxv\ drrirfd 


height must be measured from the hearthBtono to the bottom bur. Tills h the “ ecodo 
miser" in its simplest and cheapest form, as applicable to nearly every ordinary rang* 
Ornament can bo added to taste. Jt is obvious that the adaptation or the econ> 
miser need not displace the old-fashioned ash-pan, and that the 2 can be corohm&tar 
that the economiser may be made like a drawer and catch the ashes. All such Tuna* 
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to increase the radiation of beat and perfect the combustion of (lie fuel: A is a combina¬ 
tion of Parson's grate and economiser with a Milner back; B is Nelson and Sons* u riflo 1 * 
bark; C is a Galton back; D, Jeffreys 
grate. 

Improved Economic Slow Combustion 
Hot Air Store. — This stove cis manufac¬ 
tured by Steven Bros. & Co, is different 
to all others in construction. The sides 
are made of a series of hollow columns— 
up these columns the heated air pusses, 
and out through the perforated top. The 
surface of the stove is much increased by 
the form of the sides, thereby giving out 
a greater amount of radiant heat. 

The fireplace being made of thick 
firebrick lining, the heat passes slowly 
through to tho outside of the stove, is 
radiated into the apartment from a large 
and moderately heated surface, affording 
a genial and wtU-difl’used temperature 
throughout. 

Roberta* patent terracotta stoves 
operate also by slow combustion and arcs 
self-acting, but poftseaa tho additional 
advantage of purifying and radiating tho 
bent by the terracotta, which is contained 
between 2 concentric cylinders of sheet 
iron united at the base and top, tho outer 
cylinder being perforated to allow of 
direct radiation of heat from the terra¬ 


cotta, The stove consists of 4 separate parts, namely, the stave body, its tap or cover* 
the fire-box, which can he lifted in and out, and the stand, with drawer and damper. 
The fire is lighted at the top and burns downwards, the air sustaining it being 
drawn upwards through the bottom of the fire-box and thence through the fuel. The 
stove can be placed in any position on an iron or stone base and connected with the 
nearest chimney flue by an iron pipe provided with soot-door elbows, care being taken to 
form a complete connection by abandoning any other open fire-grate in the room anti 
Bcrecning it off by an iron or zinc plate They admit no effluvium, as the terracotta 
gradually and completely absorbs all the caloric in its permeation through the shell 
before it is communicated to the outer air, which is thus warmed and diffused in a 
healthy condition over the room. The tap of the stove is movable, m that the fire-box 
can be removed ta bo cleaned and recharged without moving tho stave body, and a sand 
groove* is inserted at tho top whera the cover rests, which is filled with fine dry sand to 
prevent any escape of smoke. 

Matrair Furnace .—Tho close stove is really a hot-air furnace, but it is restricted to 
heating tho air in tho room. Other apparatus arc designed to obtain a supply of fresh 
air and heat it before passing it into the room. The heated air from a fireplace is 
nvuiltible ta the apartment for only about 12 per cent, of the total amount of heat 
produced : all the rest pastes up the chimney. Tho close stave, on tho contrary, 
iitUlzos Sr^OO per cent, of the heat produced, and loses through tho smoke-pipe only 
about os much m the open fireplace eaves—10-15 per cent. And herein lies the 
sinking difference between the relative healthiness of the atmosphere hen ted by a close 
stove and an open fireplace. The amount of air which hourly passes through a close 
Btove, heated with a brisk fire, is, on an average, equal to only about ^ the capacity of 
the room wanned, and consequently such stave requires, if unaided, 10 hours to effect a 
change of tho atmosphere in every such apartment. Thus stagnant and heated, the air 
becomes filled with the impurities of respiration and cutaneous transpiration. 

Moisture, too, is an important consideration, wcC&emx 

door? or withm% can onjy contain a certain proportion ol AVs^' 
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no more, according to temperature* At 80° F. it is capable of containing Stiraei u 
much aa nt 32° F. Hence, an atmosphere at 32 s F. f with its requisite supply of mourhac, 
introduced into a confined apace and heated up to 80° F. f has its capacity for mohtins 
ho increased us to dry And wither everything with which it comes in contact ; fumtnia 
crocks Atid warps, seams open in the moulding, wainscoting, and doors; plants dk; 
ophthalmia, catarrh, and bronchitis arc common family complaints, and oongnmptimj ii 
not infrequent But this condition of house air is not peculiar to stove-heat. It it 
equally true of any overheated and confined atmosphere. The chief difference is, that 
warming the air by means of a close stove is more quickly accomplished and more 
easily kept up than by any other means. Sometimes, by the scorching of dost aficetin 
the atmosphere, nu unpleasant odour is evolved which is erroneously supposed to lie « 
special indication of impurity, caused by the burning air. It is an indication, of 
excessive hoot of the stove. But the air cannot be said to bum in any true sense of the 
word, for it continues to possess i;a duo proportion of elementary constituents Stich a 
the close stove and its dangers, under the most unfavourable aircumatances. 

The essentials for healthy stove-boat nre a brick-lined fire-chamber, exhaust-floe fur 
foul air, means for supplying moisture, and provision for fresh-alr supply. A lirick 
lining is requisite for the double purpose of preventing overheating, and for retaining 
beat in the stove. For the supply of moisture the means are simple and easy of control, 
but often inadequate. An efficient foul-air abaft may bo fitted lo the commonest ot 
close stoves by simply enclosing the smoke-pipe in a jacket—that is, in a pip© of 2 or 3 in. 
greater diameter. This should be braced round the smoke-pipe, and left open at the 
end next the stove. At its entry into the chimney, or in its passage through the roof of a 
car, as the case may be, a perforated collar should separate it from the smoke-pipe. For 
stoves with a short horbouUil smoke-pipe, passing through a fire-board, the latter should 
always bo raised about 3 in. from the floor. A smoke-pipe thus jacketed, or fire-board 
eo raised at the bottom, affords ample provision for tbe escape of foul air. 

Hot-air furn aces are simply enclosed stoves placed outside the apartments to Hi 
wanned, and usually in cellars or basements of the buildings in which they are ustd* 
The manner of wanning is virtually the same as by indirect steam beat—by the 
of ah over the surface of the heated furnace or steam-lira led pipes, as the case may be, 
through flues or pijjos provided with registers. Th© moat essential condition of 
satisfactory warming by a hot-air furnace is a good chimney-draught, which should 
always be stronger than that of the hot-air pipes through which the warmed atr Is 
conveyed into the rooms, and this can be measured by the force with which it 
through the registers. A chimney-draught thus regulated effectively removes all 
emanations; for, if tho chimney-draught exceeds that of the hot-air pipe's, aU the 
gaseous emanations from the inaldo of the furnaoe, and if it have crevices, or is of oast 
irou and overheated, all around it on the outside will be drawn into the chimney. 
Closely connected with ibis requirement for the chimney-draught is the regulating 
apparatus for governing the combustion of fuel—the draught of the furnace. Tbii 
should all he below the grate; there should bo no dampers in the smoke-pip© or 
chimney, and all joints below and abou t tho grate ehould be air-tight. The flra-prt 
should bo lined with brick and entirely within tho surface, but separate from it, so text 
the fresh air to bo warmed cannot come in contact with the fuel-chamber. 

It should go without saying that the air which passes from furnaces into living-roomi 
should always be taken from out of doors, and ho conveyed in perfectly dean air-tight 
shafts to and around the base of tho furuaoo. Preferably, tho inlet of the Abaft, or ©dd- 
uir box, should be carried down and curved at a level (of its upper surface) with tlw* 
bottom, and full width of the furnace. Thus applied, tho air is equally distributed for 
worming and ascent through the hot-air pipes to the apartments to be wanned, G« tb* 
outside the cold-air shaft should be turned up several feet from the surface of fch© ground, 
&nd its mouth protected from an K Wt effectual way is to 
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t>ver the mouth with who cloth, a ml over this to lay a piece of loose cotton wadding. 
Oils may be kept in place with a weight mode of a few crossings of heavy wire, and it 
dji a ti Ld Ih 3 changed every few months. And here, too, outside the house, should bo 
placed the diaphragm for regulating the amount of cold-air supply, and not, as commonly, 

in the cellar. 

As the beat means of regulating I ho temperature and purity of the atmosphere from 
hot-air furnaces, it is necessary to provide sufficiently large channels for both the inlet 
fresh air and its distribution through the hot-air pipes. The area of the smallest part 
«if the inlet (or inlets, for it is sometimes better to have more than one) should he about 
$ fq. ft. for every lb of coal estimated to bo burnt hourly in cold weather; and to 
prevent* in a measure, the iuoonveuience of one hot-air pipe drawing from another, the 
collective area of the hot-air pipes should not be more than £ greater tlmn the area of the 
cold-air inlet. These proportions will admit the hot air at a temperature of about 120° F. 
when at zero outside, and the velocity through the register will not exceed 5 ft. per second. 

A large heating surface of the furnace is a well-recognized condition of both economy 
nnd efficiency. As a rule, there should bo 10 sq. ft of healing surface to every lb. of 
coal cons timed per hour, when in active combustion; and the grate area should he about 
^ of that of the heating surface. For the deficiency of heat, or the failure of some of 
the hot-air pipes of hot-air furnaces in certain winds and weathers in large houses or 
specially exposed rooms, the best addendum is an open fire-grata. "With this provision 
in northerly rooms, to be used occasionally, hot-air furnaces may bo made to produce all 
the advantages of steam beat in even the largest dwelling-houses. 

Boyle’s system of warming fresh air is suitable where hot air, water, or steam pipes 
arc not available. The arrangement (Fig, 1395) consists of a copper or iron pipe a about 
1| In. diam. placed iu an inlet tube 6, pre¬ 
ferably of ihe form of a bracket. This pipe 
is not vertical, as in the so-called Tobin’s 
thefts, but of zigzag *faape, crossing and 
tecroctsing the tube iiom top to bottom, end so 
causing the incoming air to repeatedly impinge 
in its passage through the tube. At the 
boltom of the tube an air-tight chamber, so 
far as the interior of the tube is concerned, is 
fixed, iu which a Bunsen gas-burner c is placed 
the flume of which plays up into on© of the 
lower ends of the pipe, the upper portion 
being about 5 ft. 9 in. from the floor. The 
ether lower end of Llio pipe either dips into a 
condensation box d in the bottom of the till** 
or U continued into an existing flue or ex¬ 
traction shaft. If the pipe terminates in a 
box, the vapour is condensed there and 
carried off through the outside wall by means 
of a small pipe. At the bottom of the box 
is placed some loose charcoal, which needs 
renewing at intervals. This charcoal absorbs 
any products of combustion which have a tendency to rise. The heat thus passes 
through the entire length of the pipe, and warms the air as it travels through the tube 
to the room or hall as required. 

Fig. 1396 illustrates fihortland's u Manchester warm-air grata back *: a, fireplace ; 
h t outer wall; <% inner wall; d , smoke flue; e/, cold-air inlet* ; q h t warm-air passages; 
i, inlet for cold or warm air into room. 

Hot Water,—Tim is ofjeu used for heating ^cetniiouwifc, dutyt&ugt., 
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The fol lowing simple pi fin h adapted for a greenhouse. If the kitchen boiler h mt thd 
is fed from a cistern at the side of the tireplaco, it may be utilized by cotinectbs it b$ 
means of §-in. or 1-in. iron or lead pipe with the 
cast-iron (2-in, or 3-in.) pipes in the green house. 

If iron connect in g-pi pea are used, Ihey could be 
screwed into the boiler with a nut on each outside 
to keep them watertight, by means of a grummet 
and red-lead paint. One should go into the boiler 
at the top and be connected with the top line of 
pipers called the flow! and the other should go in at 
the bottom and be connected with the bottom lin^ 
of pipes, called the return. If lead pipes are used 
they could he connected with the boiler and green* 
house-pipes by means of brass unions, to be pur* 
chased at any plumber* 0 , The pipes should rise 
from the boiler to the farthest end about 1 in. to the 
yard, and iu the bend at that point should bo 
screwed a gas-tap, and from it a small lead pipe 
should be curried up to the roof iusklc. This tup 
should always be open, to allow any steam to escape. 

If the kitchen boiler is supplied from the top of the 
house, it is more satisfactory to put up a small gas- 
boiler, as the pressure of the water would try the 
joints and prevent the vent-tap being kept open. 

The kitchen lire would, of course, be required to lx) 
kept iu all night In frosty weather, and there should 
be taps ou the connections between boiler and pipes, 
to shut off the beat when not required. 

Steam Heat .—Steam heat may well be compared 
with stove and furnace heat. Stove heat corresponds 
to direct radiation by steam, and furnace beat to 
indirect. The supply of fresh air from the outside 
to and over the hot-air furnace, and through hot-air 
lines into the rooms through registers, is virtually 
the same as when it is conveyed by means of steam- 
heated flues in the walls. Exhaust flues, for getting 
rid of foul atr. are equally essential. The stove, us 
representing direct radiation iu the same manner as 
the steam coil, or plate, in tho room, has tlm 
advantage over tho hitler of some exhaust of foul 
air, however little, even when the smoke-pipe is not 
jacketed, for the attain heat has none. In com¬ 
parison with open-stove heat, steam heat ia at still 
greater disadvantage; for open stoves supply all the 
qualities of complete radiation—the introduction of 
fresh air and the escape of foul—lo a degree wholly 
imattainable by steam heat, whether direct or 
indirect, or by hot-air furnaces, which always require 
special provision for the escape of foul air. 

Tho advantage of stove and furnace heut over 
s team may bo summed up thus:—It la more economical, more uniform, more any d 
management, more suit able for email areas to be warmed, and is fire© from the 
and dangers of steam. IrreguUttow dt vrc a constant *Ptuw 
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*f inconvenience, and sometimes of danger, The going down of the fire during the 
nighttime, or iU neglect for a few hours at any time* is followed by condensation of 
the steam. On the addition of fuel and increase of heat, steam again flows quickly 
into the pipes where a partial vacuum has formed, and here, on coming in contact 
with the condensed water* it drives the water violently, and creates such shocks as 
sometimes occasion explosions; or, at least, produces very disagreeable noises and 
general uneasiness, and frequently causes cracks and leaks. Hence direct steam 
heat, which for wanning purposes alone is altogether superior to indirect, bos been 
well-nigh abandoned. Indirect steam heat places the leaks out of sight, hut they 
commonly load to mischief, and require special and expensive provision for access and 
repair. 

FOUHUATIOKS,—The foundation of a building is the horizontal platform, either 
natural or artificial, prepared for carrying the walls and superstructure. It must not bo 
cqnfbnndod with 4 * footings," which are the bases of walls made broader to distribute the 
weight more equally over the foundation ; nor with piers, although it is not always easy 
to define where a foundation ends and where a pier begins: in general, all those ports 
of a structure which are sunk in the natural soil, the conditions of which are therefore 
different from those purls above ground, are found a lions. There are 3 important points 
which should be considered in all foundations:—(1) That the weight to a unit of area 
imposed upon it should not bo more than it and the subsoil below it can bear, (2) That 
it should be as nearly as possible homogeneous and equally strong throughout, 
(3) That tl»£ upper surface should be horizontal; if not in one, then in several planes. 

Mock, —It is generally supposed that rock is a dangerous substratum to make a 
foundation platform from; for it is rarely thnt rock is found bo homogeneous as to 
provide a lurge horizontal surface without artificial filling in; and it is difficult to make 
the filling in as hard as the rock itself, which it should be, that the settlement, if any, 
may be uniform. Also in many cases of inclined strata there is the danger of one port 
of the strata slipping over the other from the additional pressure of the building, A 
foundation in rock should never be less than 1 ft. in depth* for security against slipping 
and detrusion. 

Grarei—Many consider a sound thick stratum of gravel to be the most eecuro 
foundation possible. In such costs it is ouly necessary to sink a little into the stratum, 
rather more than into rock, and to take care that the area of foilndaLion is proportional 
to the weight per square unit the gravel is calculated to bear. When the gravel is not 
sound, besides the latter precaution, it is advisable to sink deeper and fill in with an 
artificial foundation of concrete or large stones or hard durable timber. 

$aru £.—When in thick strata, and not liable to bo moved by water or other disturbing 
cause, sand forms a very good foundation; it is desirable to sink deeper into sand than 
into gravel, and lo fill in with an artificial foundation to counteract nny irregular settle¬ 
ment of the sand. When exposed to the action of water or any other moving action, 
however slight, sand is a dangerous foundation to trust to* on account of its great 
mobil ily. 

Ctatj appears to be considered an uncertain nud troublesome substratum for a 
foundation, on account of the irregularity of its strata, and its action on being disturbed; 
for there is a tide in the land as well as in the sea. In consequence of clay*** plasticity 
nud its retention of water, it is liable to yield unequally to the pressure of a building, 
and to move irregularly w hen exposed or cut into: consequently, care must be taken 
both to spread the structure over a large area of foundation and to fond the found a Li on 
uniformly in the course of the construction, A bed of clay can lie sometimes made 
firmer by piling or by making holes in it and filling them with stones or gravel; tlio 
elasticity of clay is sometimes so great that piles are often forced up again by the action 
of driving the neighbouring piles. 

It frequently happens, especially in the alluvial \jmxV% nt x'vs 
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ground of the immediate surface Ups a hard stratum, ami when the thickness of tlo 1 vfl 
su[tLTStiatum is not great (*M) ft. may be considered a maximum for ordinary caseit* 
secure foundation may be obtained by carrying piles or pier* down to the hard ganmd 
below, and BUpparting a horizontal platform on their tope. These may be woodea <* 
Iron piles driven till they enter the hard bottom; or piers formed by sinking wdi* 
holes through the soft ground and tilling them up with masonry, loose stom.-a, or *veo 
sand, though this last should only bo used when the superstratum is sufficiently tine to 
resUt the lateral pressure of the satul. The tops of these, if piles, may be counecitd V} 
Ijeatus and plunks forming a horizontal platform; or if piers, by archea tilled hi id th« 
spnndrfU to a horizontal surface. These piles or piers must bo considered as column* 
fixed at (ho bottom and calculated accordingly, without trusting to the lateral support 
of the intermediate strain. 

Firm Ground overlying Soft Ground. —In some cases of alluvial foundations, a cm* 
parntivoly firm stratum of gravel or clay is found at the surface or near it, the hj taint! 
1 >clow that being much softer. In such cases, if the weight of the structure is not titt 
gront, it ia frcquenlly desirable to leave the hard cruet unbroken; but then the area of 
foundation should be enlarged, beyond what would be used for the same stratum, if of 
considerable thickness; and special care fehonld be taken to distribute the prrcsunj 
equally. Also in these eases the hard crust should he cut into m little &* possiblefor 
any purpose; if it is clay, there is danger of it yielding by exposure to air and ; 
if the substratum is sand, (here is danger of its being moved hy the action caused by 
drainage or any operations of that kind, consequent on the building. 

Soft Ground of Indefinite Thickness. — When (he soft superstratum is of indefinite uf 
very great thickness,and not hard enough to ■‘float” the budding upon it, by extending 
the urea of the foundation, it must he supported upon piles or piers, carried 
deep that the friction on their sides will be enough to cany the weight. In the ca»of 
piling, they should bo closer together thou in the former case, and the heads of the 
piles, besides being connected together with timber framework, thou Id bo simamuM 
with a mass of masonry or concrete, to distribute the weight nml add to the realstmoe. 
If piers are employed they may he of rnnsonry, sunk in the manner Llmt wells are formal, 
and which are used as foundations by the natives in India, or they may be holla* 
cylinders of iron. 

When the ground is exceedingly soft, there is considerable danger of the pressure 
on the part underneath the building causing the part surrounding it to rise aksve iii 
original level; to counteract this, as far as possible, the piling or piers should ha 
extended beyond tbo area of the foundation, and the ground in the immediate neigh¬ 
bourhood should be consolidated or weighted with stones or concrete, and as few excava¬ 
tions na possible should be made in the natural soil. It is also necessary in them cnsai 
to equalize the pressure nil over the area of the foundation, because there is sure to U 
a ret tie i (lent, however small, and the smallest irregular settlement will cause a break in 
the structure. Equalization of the pressure on the foundation will not, however, prvrt at 
an absolute settlement, nor a rising in the neighbouring ground, which latter can only 
bo counteracted by piling and coimierbtihmeiug Iho pressure hy weighting the mi* 
rounding parts. 

GoncrtU. —Tbo nature of concrete that should be Used for a foundation depend* «a 
the najure of tlie soil it is to he laid In : the object in all coses being to get os nearly u 
possible o homogeneous bed under the structure. If the soil is dry, a concrete of 
gravel, and as much ordinary lime as is necessary to produce a coherence of it altogether 
is sufficient; as it is little mom than a bed of coherent gravel; but then it inuit U 
spread over such an area that it might be sloped at an angle of 45* from the outside c/ 
the footings of the walls, down to the bottom of the foundation; and of such a thiclun* 
that it will not bo liable to crack under the pressure. For ordinary buildings protahlr 
$-3 ft, ia /sufficient. If iku &ov\ hi ^ ^tuui weight nr 
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tharaeter, the concrete should be made of hydraulic lime and sand and broken stones, 
iu about the same proportion a ns would be used in rubble masonry ; that is to ear. the 
lime should t»e about the sand about f, und thy broken stones about f. These, 
however, must be considered only as average proportions for medium hydraulic limo 
and ordinary wet soils; the proportion of lime must be varied inversely aa its quality 
is better or worse, or as the circumstances arts more or leas important. In such cases 
the ooncretc, if properly constituted and laid, tuny bo considered as a solid coherent 
nines, capable of bearing without crushing the weight per sq. ft. mentioned in recognized 
tables, as the crushing resistance of different kinds of concrete, a proper coefficient of 
aftfety being used. The bed of concrete must also be thick enough not to break by 
trams verso strain, but so ns to settle iu one mass if the subsoil yields. These 2 con- 
tidrrations will determine the area of the bed for the foundation. 

With moderate hydraulic limes and common limes there will he an expansion of the 
mixed concrete, consequent on the slaking ; in some caws the lime increases to double 
its original bulk; this may be almost entirely provided for by allowing time for the lime 
to be thoroughly slaked before laying tho concrete; in some cases, however, the lime, or 
parts of it at least, will take so long to slake, that the process U completed after the 
concrete is laid, and it is therefore generally desirable to consider this expansion in pre* 
paring the site for the concrete. 

As the principal object in laying a bed of concrete is to form a solid cohesive mass 
when it hardens, it has been sometimes recommended that it should be thrown in from 
ti height lo consolidate it; this practice, however, has the disadvantage of separating 
the fine from tho conrso particles; it is better to lay the concrete from barrows or 
boxes on the level of the site, and to consolidate it afterwards by ramming ; In ordinary 
foundations, tu effect this properly and to allow tho limo to set, the concrete should be 
laid in strata of not more than 1 ft. thick each; it is very desirable to bond these strata 
infir each other in tho process of laying, us tho joint between 2 days* work is always a 
weak part in the mass. In large foundations, or with strong hydraulic lime, it is belter 
to make the strata 2-3 ft. thick; on that account, for the game reason, the whole of one 
stratum should be laid ns quickly os possible. 

—In soft marshy ground of great depth, a foundation of fascines is frequently 
employed in places whero suitable) brushwood is plentiful, in Holland fur instance; and 
in such places it is highly approved of. Its recommendations appear to he that when 
carefully made it is elastic, durable, and uniform. Authorities differ as to the best size 
of fascine for foundations; Paisley recommends 6 in, diam.; Lewis used them 32 in. 
diam, successfully, 

Pfh'nfp—There are 2 modes in which piles may be used to form a foundation 
{!) When the soil is soft for a considerable depth; in which case a large urea should 
be covered with piles connected together by framework at the top, and so forming one 
united body, which would resist settlement chiefly by the friction of tho subsoil iigaiust 
the sides of the piles, (2) When there is a stratum of hard ground below the soft; in 
which case the piles should be driven into the hard stratum und each pile would act ns 
au independent column bearing a certain proportion of the whole weight, and resisting 
aeUlt'tae&t both by friction and by its own transverse strength. But this does nut come 
within tho range of ordinary house-building. 

Fooling *.—In the process of constructing a wall, the mason or bricklayer first lays 
the ** footings " on the foundation platform. The footing is an enlarged portion of the wall 
fur the purpose of distributing the weight over the foundation: it is property a portion 
of the wall and not of tho foundation, although it is not always easy to draw the line 
between them. When the pressures paws down through the centre of the wall, the footings 
may project equally on each side; when otherwise, the footings should be so arranged that 
the line of pressure shall pass nearly through the centre of them into the foundation* 
The size of footings and the mode of forming the increase to 
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miiflt depend cm the circumstances and the material* For ordinary buildmp, 
recommends that the extreme breadth of the footing, when the subsoil is clay or anil* 
double the thickness of the wall; if on gravel or ehnlk Bobsoil, that jU breadtht»t* 
that of the wall as 3 to 2* 

Supposing ihe whole pressure per lineal Foot on the wall to bo equally dktrdmfed 
over the breadth of footing a &, Fig. 1397, then the reaction of the aubaoil on the p*d 1« 
wifi be equivalent to that proportion of the 
whole pressure, noting upwards and tending to 
break the projecting part fre nbont the section 
cd t which section must be strong enough to 
mist that transverse strain; in brickwork it is 
usual to make the projection of a footing for 
light buildings \ of a brick in every course, and 
for heavy buildings 1 of a brick in every 2 
courses. In stonework tlie proportional pm* 
lection for a given height of course may be 
greater, according to the relative transverse 
length of the stone. The footings should always 
he made of large a tones or of picked bricks, 
laid in very good mortar, and well bonded, with the object of distributing the 
us uniformly os possible over the foundations. The foundation platform should, if 
feasible, bo in one horizontal plane, and the footings should be equal in bright 
throughout the main walls of a building, in order to avoid, as much as may k 
irregularity of settlement from unequal heights of wall. 

The 14 damp course,” os it is commonly called, is a course of some impervious materid 
to prevent the damp rising from the ground through the masonry Into the body af its 
wall. It is generally placed immediately above the footings, if those project above 
ground; but the damp course should be. If possible, 1 ft. above the ground. It generally 
consists of 2 or 3 courses of hard-burnt bricks laid in hydraulic mortar. A highly-burnt 
glazed hollow brick is made for the purpose, the perforations being horizontal, no that * 
current of air passes t bra ugh the wall at that point Perforated bricks a re h&blu u 



crack under pressure. 

ROADS AND BRIDGES.^* These subjects msy be brought together ttmfcr * 

single head as constituting the means of approach to a building. 

Roads .—Ordinary roads may be divided into 2 classes,—temporary and permanent 
Attention will here be confined to the former. 

The first idea of a road is a path or track on which a foot-passenger can travel. Id 
the American forests the trees are blazed or marked to show the direction. On fiw 
prairies men travel by compiles or by the stars; or by watching their own shadows, <* 
noting the direction of the wind. Successive travellers following the vn tut* route uiU 
trend down a forest path, which is the first step towards road-making. On such a tt»L 
rivers will be crossed by swimming or wading, or by rafts; or felled tree* might be used 
on very narrow streams ; while ranges of hills would be passed by following the beds d 
mountain torrents. The employment of animals necessitates the improvement of the 
rands. The footpaths arc widened, the forest is cleared, rude bridge* of logs arc formed, 
or rads made of wood, of empty vessels, or uf inflated skins, 

Suppose it is required to make n temporary road from one settlement to another in u 
wild unmapped country. If a traverse wrera run by compass and chain between the S 
places, and plotted on paper, the magnetic bearing of the one place from the other * onhl 
bo ascertained, and a straight line could bo run between them by moans of the <nmpr\.«a. 
If 2 flags are set up in the proper direction at some distance apart* then* by mean* ef * 
third flag brought into lino with tho 2 former, a straight line could hv run for mmy 
mile# with a very slight demttou tiutn is not avaikbK* 
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lighted nt une place tauy, by its amuke, enable its direetiou lo be seen From Uto 

matter 

This line go run, and marked by a trench cut in the ground* will often be a practicable 
■me fur the road in a now country; if not, it will at any rate be a valuable guiding line 
Awards which til deviations caused by various obstacles should return. The line so 
Huirked ont should be cleared for a width of 10, 20* or 30 ft, ■ a ditch cut on either side 
to serve as a drain* and tho earth excavated thrown in the centre of the road to assist 
the niiii-watcr to run into the ditches. Inequalities of surface can then bo levelled us 
hit as potable. Small streams may be crossed by temporary bridges if wood is available; 
if not* their banks must be cut down* if necessary, to a gentle slope, so us to enable carta 
lo pass where the stream ia dry or nearly so* and such slopes, as well as the bottom of 
the stream, may be paved, if material is available. 

The following is a description of n temporary read cf this kind made over the dry 
bed of the Chenab river in the Punjab, and may bo taken as a general example. 

The total length for I he roadway across the Chenab measures 10.tKM) running ft,, of 
which 1350 ft consist of a metalled rood; 3500 ft, rest on firm soil* extending from the 
read embankment to within 1000 ft, of the south ride of river, and the remaining 5800 ft. 
extend across entire sand. 

The roudwuy consists of one layer of grass fascines, each fascine being 24 ft, long, 
0 in. in diameter, and tightly bound with grass, packed closely together and covered 
with 6 in. of clay. On the surface of the clay, and to prevent its cutting into grooves* a 
very thin layer of loose grass is constantly maintained. An Inch of clay is first laid 
down on the sand* all hollows are filled in and low points some what raised, that the 
foundation may not suffer From the lodgment of water. In other places the finished road 
is 1 or 2 in, above tho sand. 

Whatever improvements are mode in such roads should be directed towards the most 
formidable obstacles at first; this is, indeed* self-evident, tho strength of n read* ns of a 
Ik am* being only that of its weakest part; but it is not always easy to determine what 
art- the roost formidable obstacles, nor whether it w ill be more economical to lay out a 
given sum in raising a portion of embankment, cutting down a Mil, improving the 
surface, or building a bridge, but much of course will depend on the peculiar circum¬ 
stances of each case, 

Similarly to the trellis road used on tho early railways in tho United States* ordinary 
rends of a temporary character are sometimes constructed exclusively of timber, and are 
termed plank roads. 

The method most generally adopted in constructing plank roads consists in laying a 
flooring, or track, 8 ft. wide, composed of boards 0-12 in, in width, and 3 in, thick, which 
rrst upon 2 parallel rows of sleepers, or sills, laid lengthwise in the road, and having 
their centre lines about 4 ft apart, or 2 ft. from the axis of the road. Sills of various* 
>ki d scantling have been used, but experience seems in favour of scantling about 12 in, 
in width, 4 in, in thickness, and in lengths of not less Ilian 15-20 ft. Sills of these 
dimensions, laid flatwise, and firtnlv imbedded, present a firm and uniform bearing to 
the boards, and distribute the pressure they receive over so great a surface, that, if the 
soil upon which they rest la compact and kept well drained, there can lie but liltte 
scitling and displacement of the read surface, from Ihu usual loads passing over it. The 
better to secure this uniform distribution of the pressure, tho silts of one row are so laid 
as to break joints with the other, and to prevent the end a of the sills from yielding* the 
usual precaution is taken to place abort Bills at the joints, either beneath the main sills 
or cm the same level with them. 

The boards are laid perpendicular to the axis of the road, experience having shown 
that this position is more favourable to their wear and tear than any other* and is beside 
the most economical. Their ends are not in an unbroken line* but so arranged that tho 
vud* of every 3 or 4 project alternately* on each ride of Vva* 
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described on the anrFace of the ground, from area the eurfare soil is remove*) V< ^ 
used elsewhere as compost. Alter throwing out a depth of 8-9 ft. with the spade,a%*Ldi 
and rope and bucket is set up to draw the earth out of the well. While the digriojc 
is proceeding, a sufficient number of flat stones are laid down near the winch, by whidi 
they am sent down to build the ring, A depth of 10 ft. will probably suffice ; hut if m 
water is founds the digging must proceed to the requisite depth. A ring of 3 ft dnn. 
will be largo enough bore for the well; the rest of the space should be filled up mtb 
dry nibble masonry, and drawn in at the hip to 2 ft, diarn* When the building u 
finished, the water should be removed from the well with buckets if the quantity u 
small, and with a pump if it be large, to allow the bottom to be desired of mud 
stones, A thick flat stone, reaching from the side of the ring to beyond the centre, n 
firmly placed on the ground at the bottom of the well for the wooden pump to atao'J 
upon, or for the lead pipe to rest on. If a wooden pump is used, a large fiat 
having a hole in it to embrace the pump, is laid on a level with the ground upon Ik 
ring of the well; but if a lead pipe is preferred, the flat stone should be entire uni 
cover the ring, and the clayey earth be thrown over it. 

Where the well has to be sunk in loose gravel or sand, a different plan lias to be 
adopted. The diameter of the well will be 3 ft. 6 in. inside of the building* and Ibn 
building, instead of rubble, will be of droved ashlar, cadi stone 8 in* brood in the bat, 
12 in* deep, about 21 f in. long, in tho chord of the are of circle on the one *i4i\ 
and 17 ill* long in a straight Hne on the other side* Tho outside of the stonea Is tend 
neatly to a circle, and their inside into nu octagon. Beds square; ends pmprlj 
bevelled and wrought correctly to a mould; each course to contain 8 stones of equal ttor* 
a ring-board to be formed of willow, not to flavour the water, 8| in. broad, in. thirl, 
and k in* larger than the outside circle of the stones. The ring-board could be uuuh 
stronger in 2 courses of 4 pieces of equal silo. In building upon the ring-board, tNa 
first course of atones to have the centres of their face raised perpendicular to the ntiidr 
of the ring-board. The centres of each atone of the second course to be placed or*? 
the joints of the preceding course, and also perpendicular to the inside of the ring- 
board. The inside face of each stone being a straight line, the inside diameter of fits 
well being 3§ ft, and the ring-board being correctly niacte t the inside ends of wdJ 
itone will bo back 1| in, from the centre of the face of each stone in the course inmi^ 
dlately above it, and so on with every course* A small stick made as a gauge at on* 
end, of If in* length, will be found bandy for setting the stones. The outside circle 
must be most carefully made* The upper course to form a square instead of an 
for Iho covers to rest on, and to slope to one side, to carry the water off the top of the 
well* The covers to be droved* and in 3 pieces, one of which to cover the building 
on one side and half of tho well, and to he half-checked where the other 2 stones mtvt 
it in the middle, and they are to bo half-checked into it, also half-checked in to ew’ii 
other where they meet in the middle, and to cover the other ride of the building* On* 
of the stones covering a portion of the well to have an iron ring in it, by which in lift 
it freely out of tho checks of the other 2 atones* The joints of tho covers to ba till'd 
with putty well mixed with white-lead, to prevent water from the surface getting into 
the well. 

Where the interior of the well is faced with bricks— u eteined w as it is termed—* 
simple method of proceeding is os follows:—A dram-curb is provided, being a ciifaJ*r 
frame of wood, with a strong flat ring, of the same diameter os the intended well si top 
and bottom, the breadth of the ring being equal to the breadth of a brick; the rfq'tb 
of curb is 5 ft* or so. The ground being excavated to a depth equal to that of the curl'* 
this is lowered into the excavation. Tho operation of digging is continued, the n»b 
gradually descending—the excavated earth being removed by buckets lifted by l&ekk 
supported above the excavation by a triangular frame. The stein mg or brickwork if 
tlun built on the upper mg oi the eutV, V\4 without bktUFi ntffl 
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remain long enotigh to get into that condition. A liberal allowance of mdftar is thrown 
down on the sand in which to bed the stones. The stones are placed close together, 
the inspector of sidewalks generally demanding that the joints should not be more than 
| in., apart, and well filled with binding and hardening cement. The surfaces of tho 
flags are machine-dressed, or rubbed, so that they always meet evenly at the joints. 
The rough stones are brought to the streets to be paved and are stacked in piles. The 
pavers take them, preparing the edges with wonderful rapidity. They have a good way 
of splitting the flags: anything under fi in. thick ia broken in the same way that 
American marble-workers use to break np their slabs. American flaggers can break a 
fctone very quickly, but no quicker Ilian the English workmen, who also do it more 
neatly, and with less waste of material. A line is drawn on the face where a break 
is required; this is “strummed” in with a “pitching-tool" or u nicker”; the edges 
are also strummed in. Then the stone is smartly struck on the back with a round- 
faced hammer, 3 blows generally breaking it neatly down the line. This method can 
be used by American flaggers, ns it is successfully done with North River bluostoue 
and with all kinds of sandstone in the browns tone cutlers* yards, when cutting up sawn 
slabs for ashlar. Almost any kind of thin stone can be broken in this way, without the 
use of either wedges or plugs. 

Tho pavements between tho gutters are generally macadamized, although, as with 
us, stone and wooden blocks are used quite extensively. In the city proper most of tho 
leading thoroughfares have recently been laid with a now patented preparation of 
asphalt. Asphalt-covered roads are a great improvement. The noise of heavy traffic 
[3 greatly diminished, and it becomes possible for pedestrians to hear each other speak 
without effort. At first this new system met with the unqualified approval of owners 
and drivers of horses; but complaints have recently been made that the least drop of 
rain renders the road so slippery that it is as bad as driving an ice, and tho horses con¬ 
tinually stumble and lama themselves. This could probably be obviated by sprinkling 
sand over tho asphalt. It will require very strong remonstrance to induce the autho¬ 
rities to cease using the new material. Its two great qualities, cleanliness and quietness 
tinder heavy traffic, will outweigh a host of minor objections. 

Near tho opera-house at Vienna a small piece of the rend is kid in the sumo way ns 
that just mentioned. It is the best piece of road in tho whole city. Asphalt pavements 
for interiors are also much used in Vienna, The finest example is in the hall of tho 
Vienna Museum of Art and Industry. This is kid in different colours, Tho following 
k a translation of Suppantachitch s instructions for laying it, (I) Bring your caldron 
ns near as possible to tho place where you intend to lay your floor, in order that you 
may lay it down as hot an yon can get it. (2) Put into the caldron 10—15 lb, of pitch ; 
into the pitch put your asphalt. This latter must bo placed in the caldron when the 
pitch is red-hot. (3) The nspluvlt must be pounded into email fragments before mixing 
with the pitch, (4) After the asphalt has been in the pitch I or 1 } hour, stir it up 
well with an iron bar, broad at tho end, until the asphalt is perfectly dissolved. Once 
this is done, All the caldron with fine sharp sand; allow this sand to get warm for 
| hour by a good fire before mixing, so that it may of itself combine with the asphalt. 

(5) Next stir up the contents of the caldron at short intervals. If the composition 
become stiff and difficult to stir, add a few lb. of pitch, using judgment as to how much. 
( 0 ) In laying it on bridges, thorough fares, or viaducts, it is advisable to use more pitch, 
as the composition will then become more elastic. Tho asphalt will set without 
cracking, ( 7 ) If, in stirring it, yellow vapours urine, that is an indication that tho 
composition is ready for use. In order to prove the fact, make the following trkl: dip 
a chip of wood into the composition, and observe if a greasy substance adheres to it; if 
such is the case, boil it more, until you are able to take tho chip of wood out perfectly 
clean. The foreman must see that the ground to be covered U wtW <&raa 3 t vA 

mud/ damp day, or any such substance* lie then kya down Venn wTjeaav* 
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Those rails serve as a rest for the float used to make a level surface. One mth aifok 
to the caldron, another carries the prepared composition, in iron or wooden pails, to the 
operator. The workman who empties the caldron mast not neglect to stir the 
of the caldron daring this time, as the sand, being heavier than the pitch or uphill,ii 
liable to sink to the bottom, causing an uneven surface. 

In order to produce asphalt in colours it is necessary to observe the following raks:- 
(1) A foundation of concrete, 1-1} in. thick. (2) Float upon this a covering of bhi 
asphalt, } in. thick, as silicates will combine easiest with this. (3) Put down this 
wooden strips according to the pattern you desire to produce. These rails of wood 
should bo cemented to the floor with hot asphalt (4 ) Then commence laying oat the 
black part of the design. ThiB should always be done first, as the black oompewu* 
would be apt to soil the light colours if not laid down first (5) In order to make tU 
edges straight and even, it is neces¬ 
sary to smooth them with the curling- 
iron, Fig. 1398. The wooden forms 
can be token away when the com¬ 
position becomes hard enough to 
stand without support. (G) Once the 
design is all laid, commence polishing 
it with a piece of smooth sandstone 
attached to a handle, as shown in Fig. 

1399. (7) Production of artificial 

black: 40 per cent, chalk, 40 fine 
soft snnd, 20 evaporated coal-tar. 

(8) White silicate: 33 per cent, 
chalk, 33 pure white sand (silver 
sand), 22 pure white rosin, 8 tallow; 
first put the rosin into the caldron—it must be well melted; then put in your chalk; 
i hour afterwards mix in tlio sand; stir well and add the tallow. Asphalt in colours 
(red, blue, yellow, and brown) is to be boiled like the white composition, only adding 
the respective mineral colours. 

Cement floor *.—Portland cement, and compositions that resemble that material arv 
used for a variety of pur]x>ses in Vienna; among others, for making artificial-stone die- 
walks. A dry soil is to be preferred; but if it should be moist, marshy, or a elayty 
soil, great care must be taken to make the foundation as firm as possible. This will 
a matter in which the workman must exercise his own judgment and experience. TV 
first layer of concrete should be composed of 1 part cement and 3 of coarse gravel. This 
is laid upon the soil which is already smoothed and graded. The thickness of this layer i 
will vary' according to the nature of the soil. The second layer should be mist’d in 
equal parts, 2 of cement and 2 of fine sand. Then a third layer, equal parts cement and 
sand, completes the work. 

The workman finishes a piece about 3 ft. wide, from the wall to the curb, before be 
attempts to touch another length. The first layer is to be well rammed down to make 
it comj»act; the other 2 layers are to be floated on as quickly as possible. It require 
ubout 4 days for the sidewalk to harden. During this time it should be frequently 
sprinkled with water. Spring or autumn is tho best season in which to lay the ccmcnr. 
Summer is too dry, and wiuter weather is too severe. A sidewalk thus prepared will 
lost about 13 years. 

The curbing is also made of cement This is generally formed in a mould. Tbe 
joints are made to fit into each other to prevent shifting after they are set. The body 
of this curb is composed of 3} parts broken stone or gravel to } of cement; it is costd 
with a surface of equal pari* fvwc wait ccvossvA. are made in the same way. 

These would serve for tooi-aic\y& it \\oAwa ^i^sA \» omxv - 
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Concrete-work claim that, when properly hardened, it is stronger than stone. This is 
doubtful. 

Bridges. —Obviously, to discuss the construction of bridges of large dimensions is 
quite beyond the scope of the present work. 

A simple form of timber bridge is shown in Fig. 1400, in which stout beams a are 
supported on poets 6, duly fixed and strutted, with a flooring c carrying poets d and hand¬ 
rails e braced as at /. When the stream admits, central posts may be dispensed with, 



and the beams supported only at the ends. The arrangement must be adapted to meet 
tbe requirements of the force of the stream, height in flood, liability to change of course, 
silting up of the bed, and probability of ice, fallen trees, &o M being carried down against 
tbe structure. Usually the narrowest point on a stream is the best for a bridge. 

An efficient substitute for a bridge, often used in India on watercourses which 
contain little water during a great portion of the year, and are only flooded occasionally, 
consists of a paved causeway. The banka are cut down to a gentle slope on each side, 
and a pavement or solid flooring of masonry or concrete is built to afford a firm roadway 
for vehicles, at such a level that the water does not enter them. One across the river 
8oane is a mile long and 12 ft. wide. Boat bridges are useful under some conditions, 
and are constructed by laying a plank platform on balks of timber resting on the banks 
of the stream and on boats lashed together. In hilly districts foot passau^x* w** 
rivers in travelling cradles suspended from a single ca\>\e \ ox >2boxo 
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the feet and 2 othere for the hands, kept in position by triangular etielea; eti * f<>^ris 
may be laid parallel and support a platform of bamboo. In India, bvuiui +n£j4, 
with stones are made to gradually project from each aide till they meet in tha cot*: 
these ate culled samfJMiOJ. 

BANKS, HEDGES, BITCHES, ANB BBAINS.—Every house paw?* 

of a garden or standing in the country will have more or less need for fen™ to exdah 
stray outmals, and the means of carrying off surplus water during a to mu*. 

In making banks, the necessary material is thrown or wheeled into poritinu. tat 
piled up in such a way that it will retain the position given to it. To ensure this it it 
essential to observe a correct slope. Most materials will lie naturally at on angv- *4 
exceeding with tlie horizon, while 20° or even 10° will suffice if the mrikt ii 
covered with turf, the binding together of the earth by the roots of the gross puvnthg 
the scouring effect which would otherwise bo exerted by every shower of rain- Mka 
finch materials ns large stones oro available, tho bank may assume mure iht? ns toe v * 
wall, and be built on one ride at least very nearly vertical- Th© same object may Is 
attained by driving 2 or 3 rows of stakes iuto the firm ground beneath, and roauna: 
the earth tightly around them; or a sort of hurdle may be mad© by windingbruilv wi 
among the stakes. 

Banks arc seldom used alone for the purpose of a fence, being usually *uj pltmeutri 
by a hedge planted at the top. This is generally of hawthorn, from its iinpcuvtot^ 
character, though many other shrubs are available in different regions, for imUiv* 
fuchsias are so planted in Ireland* The hedge serves a double purpose of great unlit: 
in forming a serviceable fence and presenting an obstacle to tho wind and a sheik fir 
cattle- On the other hand it harbours vermin- In connection with the bodge noJkoL 
a ditch is needed- This increases the effectiveness of the fence*, and ilraimj the; rdt 
of the hedge, besides being a ready means of supplying the mat©rial required to fan* 
the batik. As the hedge and ditch occupy a considerable space of land, it U a pity iksi 
some tree or shrub affording a useful product cannot bo more gen orally adopted. 

Drains, not to be confounded with aewer pipes, are provided for the purpose of ad* 
stid effectively carrying off the excess of water which falls during heavy min, 

Us lying in a stagnant condition to the detriment of health and vegetation. Ulmoutft 
this could bo accomplished by simple open ditches having the nsqutoit© amount of tell 
i.c, being out in such directions as suited the undulation of the surface, In onbr to 
uccom laudato the natural tendency of tho water to find the lowest available h vel. But 
uu open drain is very costly to keep free from weeds and fallen earth, and became * 
receptacle for tho best portion of tlie soil* washed into it by the rushing water. 
fore the first principle in draining is to provide a channel for tho water at such a 
beneath the surface its tho nature of the ground determines; that is to say, when fli 
subsoil is a stiff day impervious to moisture, the drain channel should l*© uiily «n fir 
beneath the surface us to escape all possibility of contact with tlie plough or sjn-lrasd 
in tilling the surface; while in more porous soil tho depth may he 3-4 ft 

Tho first step is to set out the lines which the drams am to follow, efceorin*; th 
lowest level for the mam channel, and letting the others meet it at an angle «jf sbwt 
30 °. Qu these lines trenches are dug with a trenching tool to the mfuirito depth tod 
with contracting sides. In these trenches a water channel is formed ia varimia 
In stiff clays, filling tho bottom with brushwood and then replacing th© surface r*rti 
will often bo effective for years. But a fur more enduring and efficient metlnd h to 
occupy the lower space with stones in some form. Fig. 1401 shows several metharte J 
lining stones in drains : at A, clean round stones a are packed closely in half tin* derth 
of the trench, and covered by a turf clod 5 to prevent dirt washing down among thra; 
at B* the round stones a rest on a triangle of 3 flat stones forming an open chawd { 
at i\ the 2 flat stones o k^\\t a\iart by a large rough stone fc, ud 

iUnaUiT stones c and a d tfiuqjtaA ttra axxmt*«wkwA\ A *$*%£% a m 
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mippori a third Jj lying flat, arid this is overlaid by rough stones a and clod d; at E, 
the whale channel U formed of Hut stones* 2 on edge and 2 flat* the earth coming 
Immediately mi tho lid a. All these are chcap> enduring, and efloctive plant, 


1401 * 



adapted to almost any conn try* The most perfect system i* to lay earthenware drain- 
pipes in the bottom of the trench, placing them end to end without joining them, so 
that the water may enter at the interstices* 

WATER STJPPLY AND SANITATION*—The supply of good water to 
the house and its outbuildings is of primary importance. The chief sources of supply 
are rivers, springs, wells, and ponds. 

In the case of river water, there is nothing special to mention, the supply being 
drawn by simple pumping. River wnter is usually contaminated by organic matters 
and mud, which can be removed by subsidence and filtration to a certain extent; but 
in populous districts the surface drainage and the impurities often contributed 4 by 
manufactories* &c* f render river water perhaps the least wholesome. 

Spring water is generally free from organic matter, having been cleansed ns it were 
in passing through the porous strata of the earth: but it is liable to have absorbed 
mineral matters by its action on the rocks met with, and often becomes very dirty at its 
point of issue from contact with the surface soil* Tho following simple contrivance may 
l-e adopted to deprive it of suspended impurities. Provide a stone or wooden trough, 
12^15 in. deep* ££ ft. long, by 12 in. or so brood. Divide this by a watertight partition, 
so that a space of 9 in, broad shall be left at ono end, and of the depth of tho trough. 
Tbiji partition should only roach to within 2 in. of the top edges of the trough* The 
bottom of the largo division must be perforated with numerous boles. Dig a hole in 
the earth from whence tho spring issues* and put this trough therein, so that the upper 
edges shall be a little above the level of the ground. Ham tightly all round it still' and 
good clay—the harder the better. Tho water from the spring will issue through tho 
holes in tho bottom of tho Urge division of the trough, and any mud brought up will bo 
deposited therein. As the clear water Jills the trough, it will reach tho lop of the partition 
and run over it into tho small divisions at the end, free from deposit. The supplies 
required should be taken from this division. 

Wells constitute another method of obtaining tho supplies of water gathered in 
fissures iu the lower strata* compelling the liquid to collect in artificially constructed 
opening* rather than escaping naturally to the surface in the form of a spring* Tho 
choice of a locality for sinking a well cannot be determined upon without some know¬ 
ledge and application of the character of the strata. Tho gravel, clay, and sand beds 
of the recent sedimentary formations generally yield more or less water at a reasonably 
shallow depth ; in the older formations, it will bo necessary to go much deeper, but tbo 
supply is more abundant and less likely to be contaminated by organic matter. Hf?nee 
the latter source is preferable for large waterworks supplying towns. 

A well may be defined us a deep cylindrical hole, walled round by bricks laid loosely 
in suceetsling courses. The manner of sinking it varies somewhat 
In the case of a clay soil with intervening beds of sand and dt % IV* 
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described on the surface of the ground, from whose area 
u*ed elsewhere as compost. After throwing out a depth i 
and rope and bucket is set up to draw the earth oat oi 
is proceeding a sufficient number of fiat stones are laid 
they are sent down to build the ring. A depth of 16 ft 
water is found, the digging must proceed to the roquisi 
will be Urge enough bore for the well; the rest of the 
dry rubble masonry, and drawn in at Lke hip to 2 ft 
finished, the water should bo removed from tho well i 
small, and with a pump if it be large, to allow the be 
etones. A thick fiat stone, reaching from the side of t 
firmly pi need on the ground at the bottom of the well 
upon, or for the lead pipe to rest on. If a wooden pm 
having a hole in it to embrace the pump, is laid on a 
ring of the well; but if a load pipe is preferred* the j 
cover the ring, and the clayey earth be thrown over it. 

Whore the well has to bo sunk in loose gravel or 
adopted. The diameter of the well will be 3 ft. 6 in. 
building, instead of rubble, will be of droved auhlar, ea 
12 in. deep, about 21$ in, long, in the chord of the 
and 17 in, long in a straight Hue on the other side, Th 
neatly to a circle, and their inside into an octagon, 
bevelled and wrought correctly to a mould: each course 
a ring-board to be formed of willow* not to flavour the w 
and j in, larger than the outside circle of the stones, 
stronger in 2 courses of 4 pieces of equal si see. In bu 
first course of stones to have the centres of their face n 
of the ring-board. The centres of each stone of the 
the joints of the preceding course, and also perpendh 
bnurd. The inside face of each stone being a straight 
well being 3$ ft t and the ring-beard being correctly 
stone will tw bock If in, from the centre of the face of 
disitely above it, and so ou with every course. A sms 
end* of 1| in. length, will bo found handy for setting 
must be most carefully made* The upper course to fon 
for the covers to rest cm, and to slojie to one side, to ca 
well. The covers to bo droved, and in 3 pieces, one 
on one side and half of the well, and to be half-checke 
it iu the middle, and they arc to be half-checked into 
other where they meet iu the middle, and to cover the 
of the stones covering a portion of the well to have an 
it freely out of the checks of the other 2 stones. Tho 
with putty well mixed with white-lead, to prevent wat 
the well. 

Where tho interior of tho well ia faced with bricks- 
simple method of proceeding is as follows:—A dram-cu 
frame of wood, with a strong flat ring, of tho same dial 
ami kdtom* the breadth of the ring being equal to thi 
of curb is 5 ft or so. The ground being excavated to ft 
tht* is lowered into the excavation. The operation of 
^rwdiwlly descending—the excavated earth being rerno 
Mqqvttod above the tiwUm \q a triangular frann 
ttou Unit on the up\vev Vvu£ el craxV, ^ 
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being i.-ifcen io nmnge iliem er* na tn keep the form of the ci'rele ns perfect fts prwsible, 
each course breaking joint with the one under it As the sinking of the curb goes on, 
the laying of the bricks is proceeded with, until the necessary depth ta obtained. It is 
scarcely requisite to point out the absolute necessity of making all wells circular: the 
s>idc> of square ones would inevitably l>e forced in. 

Welhainkmg is performed In the following simple way in India:—A curb (mfrmeAiiA:) 
>r ring of wood IMS in* thick is laid on fhe ground, the masonry built upon it about 
4 ft. high, and left to dry. The earth inside the curb is then scooped out, and the well 
le^eadfl gradually, when another 4 ft* of masonry is added, and the sinking continues 
all water is reached. In making a further descent, a sort of huge hoe ( jham ) is used, 
wring worked from above into the soil, and hoisted up with its load; meantime a churn* 
a kept going to prevent the work being impeded by the inflow of water* 

Of a If the methods in use for raising the water from the wells* the ascending and 
defending buckets (the empty one descending as the full one is being pulled up) form 
Li r. j simplest* The buckets must be comparativeJy heavy to allow of their linking into the 
water on being let down* The rope to which the buckets are attached is wound round 
ti wooden barrel, revolving on 2 uprights at each side of the well mouth, and turned by a 
winch or handle. The wed-covering should be made in 2 halves opening upwards, und 
btoged at the outer edges to a wooden frame placed round tho month of the well 
A sniFill spues should be left between Ibc edges of the flaps, to admit of the rope 
pisaing freely. A small curb-wall should be made round the month, in order to prevent 
frurface water running into the well; and a railing, some 3-4 ft* high, to prevent 
children having access, Especial cure should he taken to sink the well at a spot where 
the surface drainage from tho house, yard, and underground drainage from cees- 
perils and such barbarous structures cannot possibly contaminate the water. 

Several ingenious contrivances are in use In uncivilized countries for raising water 
for irrigation and other purposes. In India, when the lift does not exceed 3 or 4 fl, and 
when the hole or excavation is nut too small, a awing basket covered with leaves or 
malting is used as a bale, being swung by 2 men* Water may be lifted in this way some 
12-Ki ft. to 3 or 4 stages, by us many pairs of men, at the rate of 1800 gal* per hour* 
For higher lift;*, in Bengal use is made of the paectdta, or lever bucket, the counterpoise 
on the short arm being a heavy stone or mass of day; this is the ehadoof of Egypt, 
common throughout the Ea^t and even iu Hungary, and naturalized among tho gold 
miners of Australia, where it is called a ** hand whip* 1 * In the N*W, provinces of India 
a large lenthern Isig drawn up by bullocks, with Uie aid of a rrfllcr, is the generally 
n dopted contrivance; it is termed a dturu* or churtah. The Chinese pump, or Persian 
wheel, consisting of an endless chain of buckets, worked by bullocks or other power, is 
often to be seen in Australian and Californian gold diggings. 

Ponds are generally understood to be hollows tilled with water which hns flowed 
from higher ground around into a low-lying depression. Such water is generally very 
impure from stagnation and the peemnuktion of impurities washed in by the torrents 
daring heavy ruin* But it is available for all save drinking purposes* Even the water 
of under-drainage on clay lands may be collected in jKinds or underground reservoirs for 
irrigating, supplying steam threshing machinery, &c* According to Bailey Denton, in 
some parts of the chalk districts underground tanks have been made by burrowing into 
the earth, and making a chamber or cavern (with an opening at the top for the removal 
of the soil), which, being lined inside with a thin covering of cement, is made perfectly 
watertight* Thus the most capacious tanks may be provided for comparatively a few 
jiounds. Thb mode of constructing tanks might also be adopted in other geological 
formations besides the chalk, where the water level is low in the earth, with a con¬ 
siderable depth of drained subsoil above it, within which to make the cavern tank.* 
Such a receptacle for water can only be adopted where the soil is naturally drained, and 
where there is no pressure of external subsoil water, 
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Mach more important in rnosj r€9ffcU is the to-eilltd * dew^pood^ vlud i n 
on artificial Jmin-pcctd. The ooe described by Slade is situated immediately m t 
strata in the highest part d the Berkshire hills, sad is entirely fed fay raa sal* 

Is shape it referable* s shallow mn-gauge, withimt a vertical nm Its j 
dUsutt* b €&| ft. The straight wde* meet nearly si m petal in the botino, aoifi 
bd angle of ll rj 21' with the surface horixan. A lijer of dsj, shoot 12 U. 
with lirae to stay the progress of earthwonne, sad covered over with first * 
straw (to prevent the fan cracking the eley\ sod finally with loose rabid** Buh qQ 
waterproof W. The extreme depth is SC in. It does not, however, held tks 1 
of water, since » ring of lb* slope, extending from the top, and socsl* 4 11. to vda 11 

. '■ : t ■ id an ovafluw and tin wueynl de t w iflu^asdil j| 

In 40 jtsn it lias been only once known to sod that instance result*! 
from the growth of ruehe* whose itoU struck through the day bottom, 1 

Hie rash of cattle down its sides also helped to damage the clay bed. The pxdabfl 
free from the*? pernicious influences, hue never beeo knnvn to fall even b fci or 
extraordinary drought It remains to point out the weak feature?* of the ja**L b ] 
efficiency U most impeded by evaporation and slope absorption This afaswptko i 
be removed, since it is abo associated with capillary attraction, anil, tn a twofold t 
tend* to weaken the supply and i acreage the loss. Were the stapes formed d • is] 
absorbing, non-conducting material, not only would all the ram be drained uto fl* 
basin, but the capillary attraction of the sides would be banished, and eraporsbw hm 
this cause cease. The faulty points, then, are the absorption by the rubble ilcfourf 
capillary attraction. 

The stoneware drain pipes used for conveying refuse water, slops, Ac., from tht t 
to tlii* main sewer or to the liquid manure tank, should be throughout bird watrn^t 
and ns unootb and even inside as possible. Where 
stoneware pipes cannot bo procured, a good found 
drain may be made of timber, in the form of a square 
covered trough, which is much need in Sweden. 

The entrance to all drain pipes and sewers muat be 
carefully ** trapped,* to prevent the reflux of the bail 
gases arising from the decomposing duida conveyed 
through the pipes. The principle of the trap is 
shown in Fig. 1402; a, bed of sink trough; h, pij** 
leading into drain ; c d, the 2 arms of the trap, which 
ure m formed ns to always retain a certain quantity 
of fluid in the angle, and thus prevent the passage 
of any vapour from d towards c. Should the angle 
at any time become choked with solid matters, the perforated lid of c U taken dt to 
admit of their removal. 



HOUSE CONSTRUCTION,—In many localities, the aid of an ardiitori i* 

planning a building has to bo dispensed with, and various means have to W adnjitui 
with a view to utilizing the materials at hand. A few instructions under this 1 1 ret 

cannot fail to bo useful, 

Log Huts.—Where timber abounds this is the simplest end cheapest form nf bro*. 
The logs are cut to the length determined on for the walls, and merely tqoim.il •« 
2 opposite faces, as in Fig. 1403, to make them lie close. Where ttaora and wind*** 
intervene, shorter lengths are laid, to afford the necessary space. The vertical p>ati>c 
of the wall ia ensured by driving posts into the ground and building the logs up between 
them; or by spiking the logs together with large nails- or by the employment d 
squares of board, as in Fig. 1404, secured by nails or treenails ; or by laying the Up »> 
that they cross alternately, as in Fig. H05, where the sido log a comes between the 2 *»l 
togs b, the cuds of &U B \ tv n\ vmsto tsam % while the Ink; 
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foliate end log e only comes m fur ns to abut against a : comer posts driven ttewn both 
tside and outside the corner render it very strong. In forming the roof, provision must 
<* made for sloping it, so as to throw off the min and snow, A convenient height for 
walk all round is 8 ft.; when this is reached, the amount of slope required in the 



roof is determined, and from this is deduced the extra height to "which ouo of the walls 

t y the front) must be carried, A rod b of the required length fc fixed to the top a of 
i side wall (Fig. 1406), and from the top of h a second rod c is laid with its lower end 
resting on the buck wall. Then the front wall must he taken up as high as the top of k f 
While the side walls are built up or logs d of diminishing lengths within the triangle 
Inscribed by a b c. The remaining spaces e can bo Ailed up afterwards with odd hits 
:»f wood, 




lint 





The ever necessary fire is best supplied in the farm of a stove, tho smoko pipe from 
’Which is carried tlirough a large hob in tho roof and well surrounded with day to 
prevent any possibility of the rafters 
bein£? limited, Fuilimr a stove, an 1103 * 



2 ft- 9 in, long; a board / on thu inside V ; - 

of tho lint completes tho fourth side of 
tho frame, enclosing m space d» which 

in rammed full wilh good binding clay; when this Is quite firm, an excavation is made 
in the day, of the shape indicated at a in Figs. HQ7,1408; g is the front of the fireplace 
formed by inserting iron burs; h is the combination of the wall of tho but; t is the 
fnmoke fide, better illustrated ha plan iu UQ9, and Vj ^ 
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wet pole about 10 in. diAm., round which tho day can be packed, and wfckh cnfc 
readily withdrawn after the shrinkage due to drying. Bricks or squared stones Mjb 
used to carry the chimney a little higher than the roof. 

Frame Houses ,—These should commence with a foundation of brick or stone mk 
carried up about 1$ ft above ground, or failing these materials, stout logs may be hi 
down. At proper intervuls. the upright posts arc inserted in this foundation, and pis- 
pared to receive the walling. This may consist of hewn slabs of timber for the ostse 
lining, with an inner one of felt, Willesden paper, canvas, match-boarding, or wfcafcw 
may be convenient, the intermediate space between the 2 linings, representing the thick¬ 
ness of the uprights, being packed full with earth, dry moss, or other nan-eondikiiag 
substance. Simple uprights will suffice when there is to be only one storey—s “gird 
floor' ,* but when a second storey is added, struts and braces must be provided * 
strengthen the uprights. The Americans have much improved upon the ordinary 
system of constructing wooden frame houses, by arranging the timbers so tlimt nearly d 
strains come lengthwise on the fibres, and by relying upon nails driven diagonally ntbff 
than on tenons, scarfs, nnd other weakening outs into the wood. Thus in erecting ft 
small timber house, the site is levelled, and a few inches in depth of the soil is remove! 
and replaced by a layer of non-absorbent material, such as furnace clinker; on this m kid 
a sill a (Fig. 1410) forming the whole foundation, measuring 6 to 8 in. by 3 in., andcamiaj 


1410. 1411. 1411 



the joist b and stud <f, each simply nailed by spikes driven diagonally, the joist b support¬ 
ing the floor boards c. If tho spaces between tho joists are filled with non-ahorbeal 
material up to the level of the floor, an advantage will be gained in dryness, quietness* 
nnd geueral comfort; concrete will be even more desirable. Generally the sills simplj 


1413. 1414. 141S. 



meet at the corners, but they may be halved together as at a 6, Fig. 1411, if preferred, 
c being the joist, and d the stud. In small buildings, the studs are best set as h 
Fig. 1412, whete a the yAst wc\d b c. the 2 studs. When an upstairs f >cr is to be bo3t» 
notch is cut \u the \unct tecc et the vsVaAa, eN. ah ^Ain. deep and 
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n„ wide, far the reception of a hearer to carry the joists i see Fig. 1414. where a is the 
d* ft the flooring joist, mud c the intervening bearer, 1 in, wide and 4 in. deep. If it 
mid be necessary to lengthen a stud, this is done by putting the extra piece end to 
1 with the first, ns at oh, Fig. 1415, either with or without a mortice and tenon joint, 
1 nailing pieces of 1-In. board c on each side. To support the roof, n wall pkto c is 

me. un. 




led on the square tops of the studs oh, Fig. 1416; the lower ends of the rafters ore 
ohed out to fit on the wall plate, one ffdling exactly over each stud as in Fig. 1417* 
t'ing the stud* h the wall plate, and c the rafter. 

Earth Waits ,—These nrc made by ramming cohesive earth into a mould. The earth 
acted should contain no stones larger than I cub. in., and those which am admitted 
si be of a rounded form. No organic remains liable to decay must b« present. The 
sistenee and degree of moisture of the earth should be carefully regulated in accord- 
k e with the conditions proved by experiment to bo best adapted for securing the most 
■feet cohesion of the mass. The foundation for an earth wall should be a few courses 
jriek or atone. To erect an earth wall on this, recourse must be had to a mould, after 
manner of concrete building. The construction and Arrangement of such a mould 
illustrated in Fig. 1418. The joists n, 4 in. wide and 2J in, deep, are laid on the 
Dilation wall hat intervals corresponding to the 
gths of the boards forming the sides; on their 
ier face near each end a mortice is cut for the 
option of the uprights d, at points allowing 
icient width for the boards e and a breadth of 
[h wall c equal to that of the foundation wall b 
m. The uprights rf, which tenon into the 
La a below and the cap pieces/above, should 
alwut 80 in. high in the clear. Inside these 
ighte d, are fitted edge to edge* and united by 
goes or plus* a scries of l*in,* clean, well* 
oik d pine boards e, not exceeding 14 ft. in 
til*, while half that figure will often be more 
rtmient. To strengthen the boards, they have 
cns nailed across them, outside, at intervals 
bout 30 in., and iron handles may be attached 
facilitating removal. The wedges g are for 
purpose of tightening the cap / on the up- 
ita d, and adjusting the width of the wall, 
jlo moulds for the corners of walla may be 
le on exactly the same principles. Where a wall is intended to end abruptly, a 
1 is put into the mould by fastening strips of batten to the boards e and dropping 
head board. In commencing to build* a few courses of brick are carried up with the 
is a built in, so as to give rigidity to the mould ; as the wall rises* the mould is taken 
rt for further use* the joists being driven out endwise, for which purpose thc^y are 
to slightly tapering. When the first mould in height, 
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most be cot to admit the joists for the next stage. The use of the plumb level ii 
as necessary with this as with any other kind of wall. In ramming the earth, a 
3-4 in. at a time is always enough, and the strokes should travel from the side 
the centre and from one end to the other, leaving the end sloping where 
addition is to be made. In building the second course, care should be takes 
joists fall between the joist holes of the preceding course, and the rammin 
commence from the opposite end of the wall. The joist holes may be aftcra 
up with wooden blocks, for convenience in fastening the internal fixtures, an 
joists may be built in lengthwise at intervals. The rammer should weigh ab 
Unfinished work should be kept covered from the rain. 

Stair *.—The following are the technical names for the parts of stairs :— U 1 
the term for one continued series of steps without any break; “ landing” istb 
between two flights; “ tread ” is the horizontal surface of a step; u riser” is 1 
part between 2 steps; 44 winders ” are the winding steps round a curve when 
landing. 

The convenience of stairs is largely dependent upon the proportioning of 
of riser and width of tread. Blondel’s rule, which adopts as a module of u 
the length of a man’s pace walking leisurely on level ground, or 2 French feet 
English, and assumes that every 1 in. of ascent is equal to 2 in. of progress 
theory within certain limits only. The energy expended by a man in lit 
40 ft. up a ladder nearlyvertical is vastly more than twice the energy requin 
40 ft on a level plane. This is sufficient to show that the rule is only corr 
rate of ascent is moderate. Probably, an English architect, working out the 
would have adopted 2 English feet or 24 in. as his module. Corson tak 
(nearly) of these two, or 24*75 in., as being a reliable guide to an easy stai 
houses of moderate size. 

The height of riser, w’hich should not be exceeded, he fixes (by experienr 
deducting twice this, or 13*50 from 24*75, w*e have 11*25 for tlie brea 
(Blondcl** rulo would give 12*0G, which would be found too broad for tl 
riser.) Of course, the breadth of tread is from riser to riser, disregard 
moulding, if there is one. Obviously the experience of short and tall peo] 
somewhat. Also it is necessary to consider the length of the step: the loi 
the broader should be the tread. 

Again, for steps outside, leading up to the doorway or a terrace, deci 
and increase the tread; how much must be matter of judgment with f 
according to the number and length of steps and character of house. 1 
ought to be 3 to 1. To suit that slope, steps of 5*10 in. riso and 15*30 in 
lie a fit dimension, and would agree with Blondel’s formula. There is, 
stairs generally, another and very simple rule, namely: Keep the slope of tk 
or as little over that angle as possible. A step of G$ in. rise would in the 
tread of 11 * in.; but it would ho better to have less rise and less tread, s 
11 *20 in. It is needful to have in mind old people and children, to whom 
of great moment. 

When the size of the house will not allow the use of such proportions 
above, diminish the tread rather than increase tho height of the riser. 1 
becomes absurd when follow*ed out, and tho stair becomes a step ladder, 
find steps 8 in. tread and 94 in. rise, making breakneck stairs. The minin 
trend may be called 9 in. It is too little, but sometimes economy of spac 
and if only tho riser be kept to the maximum of 6$ in., tho stair will be rea 
and safe. There are exceptions to every rule, and it will bo found that t 
turnpike stair winding round a 6-in. or 8-in. newel, must deviate from the 
given above, i.e. when measured as winding stairs usually are, at the c 
length of step. The hen*\ loom wX ^ tsjRXa* 
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to llto planning and setting out of stnirs, a Vulnme miglit be written, 
given trilliont end. The staircase often in, and oftener might be, tho 
resquG feature of the Interior of u house; most often it is so treated that it 
>e&t hidden awny out of sight A stair In 2 flights, with narrow well-hole, 
.east opportunity for effective design ; a wide well-hole removes tho difficulty, 
i stair in 3 flights almost anything may be done. A stair with the first flight 
reen 2 walls, and thou opening out to the double \\ idth, is capable of great 

1 picturesque treatment. Stain with winders are not desirable, but sometiuu n 
duiblcj mid very well adapted for warehouses when planned with a well-hole, 
in, wide. Tho winders should radiate, not to tho true centre, but to a Centro 
nlf a step or so farther bock frutn the string j thereby tire narrow ends are 
r ami the ramp of the handrail is improved. The arrangement of a central 

2 side flights should only bo used on tho grand scale and in buildings of 
tinder. In houses of less important* 1 , cither it will bo cramped in dimensions, 
m too large for the home, and out of keeping and pretensions. 

-enient height for the handrail of a stair is about 3 ft* from the surface of tho 
ho upper surface of it should Ik? semicircular and about 21 in. dinm,; it should 
iDtia, without hn-uk of any kind from top to bottom of tho stairs. The 
i rt which sup]>oi*t tho handrail are sometimes also intended to fill up the space 
t and the slalrs, so ns lo present any one falling through. When for the 
eet only, as is generally tho case in barracks, the fewer balusters there are the 
they are very liable to injury and so cause oipeuso in repair; for this reason it 
> have a few strong post* well framed into and connected by iron straps with 
sof the stair. In private houses, where tho balusters tiro generally required to 
s space, the ordinary practice is to make them square wooden bars of small 
o place iron balusters of the sumo size at intervals to strengthen the whole 
But in all public buildings, especially in military buildings, it U desirable 
inters of a much larger RiZf% and more 
id lo the staiis, and at just sufficient 
prevent children falling through, 
attraction of the steps is illustrated in 
. the tread a, say 10 in. broad and 2 in. 
supported by the riser b of the same 
md about 7 in. high, a “ blocking or 
racket ** c being placed underneath tho 
behind tho rber, tho ends being dove- 
fiutched into the fact* of Use “ outer 
ho outer string is tho woodwork flank- 
e of the stairs not next the wall* In 
e riser, and occupying the corner funned by it with tho front edge of tho 
moulded fillet d; tbo founded edge of the tread e is termed the nosing, 
if Hornet .—The peculiar conditions of house building in Canada have been 
in Interesting detail by FL Garobier-Bousfleld. He alludes to tho absence, in 
Lays of tho colony, of the means of quarrying and transporting stone, the small 
y for molting bricks, the unlimited quantities of Hr wood,—these conditions 
ted in a method of building which, beginning with tho rough log huts, bus 
cted until it is now used for tho construction of the first-class houses. He bus 
this method, pointed out many advantages resulting from its use, and offered 
able hints in the arrangement of small houses. The frame house nstonfeheg 
by its slenderness, and though cool enough in summer, ono wonders how it is 
keep out tho intense cold of the winters, Generally, a atone foundation is 
emt 1G in. thick rubble work, taken down at least :i ft. to below the level 
the post, and raised about 10 in, or 1 ft. tbnelk 
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(aid o till of wood G m* deep and 8 its. wide, and at spaces of 1C in* centres, in <ra4 
2 in, by 4 ire* uprights commonly culled studding, mortised and tesomd 1»# mh dl 
lntttk* The length of these studs depends upon the height of the house to bt lwll| 
upon the length of tne stuff, as almost any reasonable length can be obtained b in 
u two-storey dwelling, the studs will easily reach the whole height, and the hint nil 
at the comers, and strengthened vritli angle pieces, or with matched beard lag, fra 
joUte are always used of a much greater depth than it is the custom to n» in lh;^ 
12 ire, deep by 2 in* wide, placed at IS in* centres on the ground door, and at 16 Hi seat 
on oil doors above, is the common arrangement, cross bridging being ojed to ehfaiM 
At openings for doors and windows, the studs are doubled* When the 4o0*rwhi 
whole height of the house, without any plate for the support of the floor >u*Wthfa* 
or icoond floors, ribbon pieces 1 in* by i in* are spiked between the studs* har^itli 
mul the joists rest on these, being spiked to the uprsghta* But the rooting ntujiat | 
Englishman more than any oilier part The use of shingle* may or may not k yvk 
him, but the slendertit-ss of the roof timbers makes him tremble for the future tr»fc 
Wood uhioglcs are infinitely lighter than slate, and the oomtnim construction u li^li 
lung rafters,, 2 in* by 6 in*, set at 16 in* centres, reaching from plate to rid^ nk 
purlins* king posts, or struts; the coiling joists tie the feet in, and for a *pim ef 5li 
dear, collar lies l in* by 6 in. are just nailed to the rafters (It wilt iterbaju U ail 
that the width of stuff U always quoted before the depth—this is the tmili_ iMtwlj 
Canada*) On top of the rafters is laid, either diagonally or straight* maM H m 
boarding, and upon this a coat of hair mortar, § in* thick, in order t> beep dm hits 
long as possible, in the event of a conflagration: this coat is not a necessity 
lion, but is added by order of the City Building Committees. The shingle* iielfliv 
the mortar, just like slates* with about 4 in* to the weather, end each shingle is mmi 
wi h _ n.uU Wo d < Us cover all external a gl a, a id c-xeept for v**Ueya ml pfiM 
the description of the roof is completed. For these latter there k a further eniusfr ml 
custom* The heat does not admit of using lead, so in place of ii tin is adopted* gin** 
2 good coats of paint* Until lately tin could be procured that would stand the nmtii 
without ranting, but that quality cannot be obtained now. The tin is laid in tte mm 
way as lead ; but in exposed situations it U decidedly interior, utid it is very dUMtl 
keep out the wet in such place*. Owing to the heavy falls of gnaw, gutters h&w to k 
avoided, small pibli’ta being erected behind chimney itvb, to prevc' 

On this account roofs of the form of on inverted W cannot bo used, a« the snow vdi 
drift and till in the whole of the intermediate gutter, and down the reuf wool! amt 
i<>nacquecttly l Mansard roofs ore resorted to for vi ry w ide spans, and sotnetfaw Ur 
: ■■■ i. i ■ i i :.!■ better than inverted W‘a but are not to be tie d if it it j <*'«'« 

to avoid them. Owing to the expansion and contraction of tin in heat and rnuk 
down pipes are rnmte cumignU-d, which allows them to shrink or expand without M I 
cracking* The advance of civilisation, with local boards in ite wake, tel Mtottffl 
brick exteriors for all bouses within the defined 44 tire limits" of each city, and iijibqfl 
ifud partitions are still retained inside, it is not allowed now to haw wooden 
But there are differences between the methods of bricklaying here and the tniamq 
to the old country* Generally speaking, for a ottc-brick wall there is hardly say kM 
beumn the inner and outer Ualf brick veneer. 

To all appearances, there is no bond visible 
on either race, but it exteu* however poor it 
may bo. The plan of a course is ua atm iu 
Fig* 1420, the brick ft being the bond, of 
which there is 1 at every 2 ft* or so, Another 
method is to build 5 courses of stretchers, and then 1 of headers, which ii bettor d* 
tta first, but Canadian bricklayers hare yet to learn English and FUmidi kok 
The severity of tUc lunate 4v.aM'b xW* %haX ^d to the lilllfr 
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the Louses* both walls and roof, and a precaution taken here would if adopted in 
*1 tfiand, be found, of groat advantage in keeping out the damp in small houses. Thus 
th# custom of tiding grounds to the inside of the brick walls, and lathing and plaster¬ 
er leaving 1 in* space between the back of Ihu laths and the walk By this means the 
iter wet is lint conducted to (be plaster through the bricks, and the houses are thereby 
apt cooler in summer and warmer In winter. 

Owring to there being no internal brick walls, each floor can be arranged without of 
Msesaity following the plan of the floor below; this gives endless facility in planning, 
*4 Uie consequence is (hat 8-room cd houses here are infinitely more comfortable than 
the old country. In the fir^t place, the system of stoves does aw ay with the necessity 
fireplaces, although 1 or 2 arc constantly introduced, for nothing is equal to an open 
’e for cheerfulness* To heat an ordinary house, n large stove stands in the entrance 
ill, and the iron flue wanders half over the house at a distance of 1| ft* from the ceiling, 
»pended by wire fastened to screws or books, in the joists above* Holes nro left in 
tors am! partitions for the pipe to pass through, fitted. with iron collars, air spaces 
in^ left to prevent the probability of fire., which otherwise would certainly be the 
- 14 . 11 . The cooking-stove pipe conducts the hot air over another part of the house, and 
ier rooms or passages arc heated by smaller stoves, as the case may require. These 
ovu pipes are token to the brick chimney-stacks just where moat convenient, and thus 
ery room and passage is kept comfortably warm through the whole winter, for the 
fee ure left in day and night. Largo stoves necessitate wide halls, which arc 
tuerally wisely avoided in our '* tight little island 11 as a source of cold air and a trouble 
I'uerully, Rune houses have no doors to the sitting-rooms, arches being left, which 
re hung with curtains or left altogether open to suit the taste of the tenant, livery 
edroom is allowed its hurnging^cioset, about 3 ft* square, and of a height equal to that of 
to room ; and every house has its bathroom. Internal or external blinds are fitted to all 
to windows, mode with movable slats, in small panels, hung folding in narrow leaves, 
ltd then, with a good wide verandah and n cellar to act as cool larder, the house is 
►raplete, and very comfortable it may bo too. As the summer draws on, all the stove 
pel nro taken down and cleaned, rind they and the stoves ure all stowed away out of 
[Lflit until the cold weather begins to set in. Glass frames urn put into the window 
i»o* 2 a in winter to form u <l double '* window—a very important factor in the comfort of 
house* 

The natives in the country districts of Ceylon generally build their houses (huts) of 
Mid ( wattle and daub), the uprights and roof timbers being common jungle wood, and 
batched with the dried leaf of the coconut tree (locally known us curf/un*). In the 
lotintam districts of Ceylon, coffee planters* bungalows are nearly all built of wood, and 
f v but is locally known as wuUle and daub, that is, wooden uprights crossed on both 
ides with small bamboos (or what is better known by the name Cff ten raiehitit) and filled 
i with day made into the consistency of mortar, and plastered on both sides* They are 
ut up very cheaply, ami are well adapted to the climate. Other materials, such os 
rteks, would be too expensive, on account of the distance and difficulty of transport, 
’he mode of bunding is to put in a stone foundation up to the floor level, ami then a 
voodeu framing all round to receive the ends of the uprights, the other ends of tho 
1 1 rights being tenoned into the wall plates, the window ami door frames fixed between 
i 0 uprights, with horizontal ties to stiffen the framing, and then filled in between the 
raining with wattle and daub ns before stated. 

The ordinary rules for ventilation arc often inapplicable in India, owing to the 
xiretne bent of the external atmosphere, which renders it necessary to exclude it 
mlively during th© day, unless previously cooled by some artificial process* The 
irdinary method of doing this is by means of toMies, or grass screens, placed In the door- 
mays to windw ard, aud kept constantly wetted. In general, the air inside the house is 
L'iUjJomrily by agitating it with ptmkohi* To ^ 
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through the rooms, numerous doors or windows are provided, and placed oppdttetosi 
other. 

In the Punjab, the roof usually consists of a course of brickB or flat tiles, cr Mb! 
stone, united by limo mortar, completely closing all the seams, and mboTe the kite 
a layer of earth, 3-0 in. thick, well beaten down. A good bride-earth should feat 
for this covering, but it will require frequent beating to consolidate it. TbuatsM 
a hucha terrace roof. As a bed for the covering of earth, a layer of the nedioU 
turkundiii or the small twigs of a common jungle-shrub called aambhaloo or loaaln.e 
branches of the jhao (tamarisk) laid down over the horizontal rafters in small bssAs 
tightly bound and closely packed, may he used instead of bricks. Sometimes softs 
dispensed with for these roofs, and the whole upper surface is plastered. The {na¬ 
tion of leakage may be further secured, and the coolness of the building promoted (rt 
the expense of additional weight on the beams) by a second course of bricks or tOaU 
over, and breaking joint with, the lower course. This roof is known as a jmd& 4 am 
roof, and its construction is very similar to that of the terraced floor; 3 lijentffli 
laid to break joint, the upper layer being covered with a thin coating of plaster, id 
polished and oiled, forms a very durable flat roof, aud possesses the advantages of bug 
more quickly made and lighter than a terrace roof. 

Sloping or pitched roofs are generally covered with thatch or tile*. A good tistt 
forms the coolest and driest roof. The thatch in India is generally formed of a Ls* 
grass laid on a framework {jafari ) of small bamboos placed over the woodwork rife 
r.^f. The jafari is made on the ground, of whole bamboos laid in fi lattice fora lib 
trellis-work, with intervals of about C in., over which split bamboos are fastened ate 
2 in. a? art, the whole being tightly secured with string. Over this jafari is lsiiltb 
in l.»y« is :i in. thick, the iir*t layer being generally attached before the jafmn 
placed «it the r->of. Thatch ought to lie ut least 9 in. thick. It requires a thick eat 
;>- l in. thick every 3 years. The grass is brought in bundles called ;>oo/a*, which « 
broken up and spread Hat between '1 pieces of split bamboo. The thicker or lower ec& 
of the irras-s are dressed evenly to one line, and the grass in its position on theiwflLf 
with those ends towards the eaves. These bundles aro then fastened to thebamk* 
franc w ork, beginning from the eaves upwards, aud so overlapping each other that ib 
small pieei s «>t kimboo which keep them iu position aro not seen from the outside. AD 
along the l aves, largir but round bundles of gross aro placed the full thickne*ofik 
thatch. The ridge of a tint roof is generally bound with a roll of tirkec laidhoracfi- 
tally ; and the same is occasionally done under the eaves. 

Tih ?* are >.ma times laid over the thatch, but this combination is not recommended 
A terrace roof may also he laid over a truss as well as over flat beams, when the pitch u 
not too great. Planking, with tarred stams, is a very common roof-covering inti* 
Himalayan hill stations, but it requires to be made with great care, aud only thebe* 
seasoned limk r di.-uld bt' employed, as it is exposed to very trying alternations of Iflfr 
l* ratur.-. Shin-les, which are rectangular pieces of plank applied in the same mamtf 
as dates, an- likt-wW much used in the hills for roofing. English deal packinc-ttsai 
bcer-cii. Aw, arc not uncommonly cut up for this purpose, the wood being *r!l 
seasoned, and the boxes seldom fit for other use. Another material used for the re¬ 
covering of hill houses is the composition called “oropholite.” It is made of 1U.7 
rivi r or pit saml and chalk, with an admixture of litharge, all finely sifted and mad? 
into a past** w itli linseed oil. This is spread on one or both sides of any kind of coniQoa 
course doth, so as to form, when dry, a sheet about > in. thick. These sheets, when 
prepared, are hung up to dry, and are then applied in pieces of such size as may b* 
found conwnit nt. 

besides tin* ulwc, rur.fs are covered with slates where they are obtainable, orwitb 
till s. 11 ad, zinc, ot coiTugAeA. \tcw. Tlvc laAt-uamed material is daily coming intousf 
iu India, ispeciaWy lor cox oruv£* tot Ur.* 
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Picture- Frame Making. —Preliminary Remark *,■—Tlie following essentially prae- 
tieatise on tbo art of picture-framing is written with a twofold purpose. Firstly, 
•aim to afford suitable employment for the leisure moments of gentlemen and 
Lids, and, secondly, with the object of strengthening the beneficent influences 
kd&nt on a well-ordered and tastefully-furnished dwelling, 

liero are few persons who have not some leisure at their ilisposal, and few who do 
mre to be able to employ it to advantage. In the whole range of the arts* it would 
apoesible to discover a more pleasurable or satisfactory employment for the leisure 
enta of gentlemen, whether iu health or partially invalided. The framing and 
g up of pictures involve no great physical strain, the labour can be performed in 
r a standing or sitting position, is attended with great cleanliness, and the results 
1 instances are of a pleasumhlo character. Even ladies might engage, as principals 
rtpmates, in so pleasurable a mode of enriching life, 

'here is no lack of cheap pictures; indeed, they are so numerous that choice is 
l bewildering, and for practice, these will be found equal to the best Wo draw 
pedal attention of readers to the really fine engravings now being presented with 
ml ill us haled journals. These are admirably adapted for tho more advanced 
ts of amateurs. In tho event of too large an accumulation of framed pictures of 
class named in tho hands of gentlemen amateurs, it may be suggested that the 
[us might be advantageously disposed of os gifts to bazaars given in aid of 
.table institutions, or as presents to poorer neighbours. 

he second object of the present treatise is to enable the less wealthy to become 
ovrn picture*framers. A few words in explanation of tho intention here disclosed 
not be thought out of place. Many persons have been deterred from purchasing 
a that Imvo won their favour by the additional expenses attendant upon their 
.ahinga. They are not slow to realise that » print fails to disclose half its beauties 
it furnished und protected by a suitable frame, and that, notwithstanding the fact 
the cost of frames b&s been considerably diminished, the cheapening process has 
1 to keep pace wilh that distinguishing the production and tale of prints, more 
anlJy those copied from the works of non-living artists. 

’he Instructions given have been purposely written in the simplest language it was 
hi* to employ, and, where the necessary instructions could not be adequately 
„jed to the reader by mere words, recourse has been hod to suitable diagrams, 
tod aa this treatise may appear to be, it will be found to contain all that is 
isary for the purpose it is intended to fulfil. If its teachings be carefully followed, 
the efforts made ho commensurate to a moderate mastership of tho tools employed, 
i&s is bound to follow. 

tecognisiog the ikk of breakage attending the carriage and cutting of small 
titles of glass, it will he found advisable to purchase it of the local glazier or 
ter, who will supply it of the required dimensions. In giving measurements, the 
lb and breadth should be fairly under that of the rabbet, so as to allow of the 
lion of the glass without force, and danger of breakage. 

"be cheaper mouldings should, for economy's cake, bo used for the earlier efforts, 
iugb, if due care be taken to master the ample directions which follow, little 
age need be feared. 

Fe would advise amateurs to read the whole of the instructions before commmciog, 
to have complete knowledge of all the technical terms and processes, 

'oof* required .—The first thing to consider is, what are the tools which are necessary 
ho purpose before us. The following are required 

'ine saw, screw vice, cutting-block, pair of pincers, rule, ihooting-planet shooting 
e, hammer, glue-pot, sharpening oil-stone, 2 bradawls, and an assortment of joining 

>. 

fcnrij ft!) of these are absolutely indispensable to make SJafr rascMnssn«ski\*s*. ^ 
etw appliance, or do the ever recurring bouae\io\4 w* ’Owi 
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be necessary to make ft start with, So, after all, only that req aired for the most < 
possessions of a u handy man/ 1 

Fal/^ut and widths of Mouldings,—It is necessary to decide upon the pattern i 
width of the moulding to be used; and here the judgment and mate of the amateurs 
be needed. As a general rule* engravings or sketches, if intended for the dium 
library, Hinoking or billiard-room, should be framed in ft manner to blend with t ht c 
furniture, such as walnut and gold, blank and gold, maple, Ac. At the pwnl t 
oak with plain gold inside is in great favour for pictures of this class 
drawing-room, parlour, or general tootu, should be gilt and ornamental far 1 
subjects, and plain gilt for smaller ones. Oil paintings and oleographs require I 
ornamental gilt frame to eot them off; chromes and water-colour or pencil dna 
require a neat, pl -in gold to give them a pleasing effect; but in this the individual I 
must decide. 

How to Begin — Marking Off. —We will now commence operations, and voppat j 
that we are making a frame for one of Birket Foster's celebrated chromes; being * 

coloured picture, and medium-sued figures, a i 
ornamental moulding, 1 in. wide, will V the am* 
suitable for subject and 0120 . We take our rule. titJ 
find (allowing a 3-in. white margin all round lb 1 
picture) that the size will be 24§ in. by JSJ nu of 
24 in. by IS in. tight- ** Sight tint'* in taken fuai 
what will be seen of the picture when feun«i 
** Rabbet tit* " is taken from the inside of tie 
" rabbet,*' where the glass is placed. 11 nbbeU »« 
usually i in. deep, so ** rabbet sue ’* t* J in. hf#* 
than il sight sire,** 

Catting Off .—Having decided the site of tf* 
frame, we take the length of moulding wo h 
selected, and put it in the cutting-block, which mo* 
be placed upon the edge of the table or boudu u 11 
sketch. We now place the saw in the left angle art 


l'ia, mi. 



Example o f Terms .—This is a 1-in. 
moulding. A, rabbet ; a, sight 
edge; c, back edge. 


Fin. 1433, 



(as in Fig. 1422)> and cut the end of the mou lding with a steady cut; this will slvetii the 
first mitre. Now take the rule, and make a mark upon the sigh t edge (a. Fig* 142l)cf 
moulding, at 2i£ in. (the | in* being allowed for planing the mitre true and smooth, tsU^i 

shooting), Place the saw in the rtjk 
angle cut of block, and so place Iho 
moulding in it that when it i* cut 
through it just cuts up to the markup® 
the sight edge; having cut it m this 
way, we have one side. No w cut It* m4 
of moulding again in the left angle cut. 
and mark the sight edge of morUUar 
at 18| in.; cut it in right angle cut of block as before. This being done, we have half 
the frame; tho other half being done in precisely the same manner, we have finished fjr 
cutting off part of the operation. 

Shooting. —The next thing to be done is to make the mitres we have cut trw ai'd 
smooth with tho shooting-plane and block (Fig. 1423), which we proceed to do aiN' 
Iowa; —Having placed the shooting-block upon a firm table or bench, with the Hal flU" 
face for the plane on our left hand (that is, the opposite way to what it is in Fig. U221. 
and having set Iho plane, with the iron sharp, and set very fine (sec directum^ for ahAfp 
eniug, p. 240), facing the point of angle on the block (as in Fig 1423), we Uke In eo? 
fight hand one of the sides, wsxiglc on the block, with iheniht 

edge nearest to us, keeping it m with th* 

thumb and fingere, and with fke VAt WaA wo. abort. <& 

pJane, the end* of the tow ftuesn ■&***& ^ ** W '’ B3si ^ 
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Dammar, i?2 
Dommara wot*!, *35, 1 £3 
l COUlW, 670 

-walla, m, 0*3 

Dangabn wood, 152 
I entile fir, H2-2 
Darby, 80S 

D*rk-ydtew wood, 131 
Darreo wood. 144 
Dawnta wood, If.'i 
I^4<1 wnlre*. ft I d 

-gilding, U7-9 

Deadened iW*. hid 
Deal wood, 131-2 
Deal*. 169 

Dvcav of wood. 113-4 
DEctol's radiating oolnrem, £13 
l kefecta in wind, 16?-s 
Del wool, 152 
Deodar wood* 133* 167 
Jh.*rbyBl]lre spar marbling, 433 
Desiccating wood, 171 
Diagonal catchc*. 467-9 
Diaphragm furritig-punip. Si 4 
Dickson's device for converting nadl- 
Uting Into intermittent circular 
motion* 609 
Die square timber, 170 
Die* and stuck*, &1M>1 
Dietrkb’s spying paper, 12-3 
Differential movement, *94-6 
IMtlenD wood*, 159 
Dimensions of drawings, 6-6 
Dining-chair, 303-1 
Dtanyrctf woods,, 132, 141,152, i&s 
Dipping steel tool*. 05-0 
Dlpteroearpn* woods, J35 r Jfts 
Dik. crank-pin and slotted connect¬ 
ing rod, 488 

-wheels, 623 

rHacoloratioii of paint, 416-7 
Disengaging «X£0tifc rod, 449 
Dili®[jin'* revolving *>w set, 218-9 
Distemper pointing, 510-3 
Hitches, 670 
Oft via cholra, 385-6 
Deathless, 167-6 
Dodora wood, *27 

Dogbt-jid hoimncT, 3ft 

-iron*, 275 

Dogwood. 132 

Door-shut ling contrivance* 606 
Doom boom wood, 132, Lftl 
Doom, 340-9 

-frames. 340 

—■— ledged* 340-7 

-panelled. 347 

— Basil, 347-8 
Dormer window, 345 
Double-acting pump, 513 

-floors, 333-9 

—* framed fluom, 339 

-gear foot dsib*, 537 

—* Lantern bellow* pump, & 13 

-notchiug joint, 373 

-— rack, 440 

Doubling length of ftrek*, 401 

-speed, 520 

Dov» marbling, 433 
Dovetail saw. 16a, 305 
-— tenon, 274 

Dovetailing, 272* 277* 251-2, 29B-300 
Dowd plate, 344 
Dowclled floors, 27S, 339-40 

-Joint, 277, 262 

Dowling bit, 24 h 
D rag Unit motion, 423 
Dragon's blood, 473 
Drains, 676-7, 

Draught of wilng’, 36 


Draw away, 4ft 
-down, *5 

Drawers, cheat of. 306-9, 36ft-*0 

-in table, making, 3DU 

Draw-filing* 69 
Drawing buarda, I 
-— coaipaftHtt, 5 

-in spinning, 516 

-Instruments, buying* \ 

-* instruments* keeping* I 

-knife, 233—4 

luvdiunicui, 1-13 

-paper* 3 

—— peas, 4—ft 
-rules, parallel* ft 

— scales, 1 

--squares* 1—3 

-Idling siraigbt-Mec, ft 

Drawings, centre linear 5-5 

-colour* for* 7-0 

*-copying, 10-3 

-- dlmeniiuns of, 5-8 

-erasing mots 111 * 3-4 

- ft nUliing, 7 

-- fixing pencil* 8 

-Inking, 4-5 

—— mo anting, 2-3 

-mounting on linen* 3 

—- nature oJ, 6-7 

-— pencilling, 3 

—— removing from board, a 

— shading, 6 

-tints in, 5-6 

—- Utlc of, 0 

iUrwser* 306-10 

— for flattening metal, 107 
Driers, painting, 411-3 

-— varnish, 473 
Drift out, 45 
Drifts, forging* 77-t 
Chi LI-stocks. 56 
Drilling, 640-54 

-apparatus, 503 

-Iran. 54-6 

— machine feed-motion, 190 
Drill*, 55-6, 249-9* 643 
Drlmys weed* 134 

Driving fted-mlls, 489 
Drop lake, 40o 
Drum* 483 

Drummond's glazing, 633-S 
Dry gas-meler, ftit 

-cot* 173 

Drying-oils, 4 KM 

-paint* 414 

Ducal Lbolly wood* 150 
Itaguetla wood, 150 
Dun wood* 152 
DuratKtftj of stone, &82^S 

--— woods, 179 

Duramen, 188 
Dutch pink, 400 
I tjnimometer, 494* 605 
Dysoxylum wood, 136, *63 
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P ARTH-WALLS, «83-4 

fjLst Indian mahogany, 133 
Easy chairs. 304-5* 402, 484 
Ebon Ding, 43T-9 

Ebony w ood, 131* 162, 350, 386-7, 395 
Eccentric*, 478, 483 
Economiser for grate*, 04 * 

Edge* ru litters* 505 

.*— tools, 230—46 

-miscellaneous forma, 343*6 

-— Hbarj^nlrig* 240-3 

motion, 4 ST 

i VjavTjftiVitW iVVft 


EUrilrily <af ra* *21 
Elbow lew, 4*3 
tic*. trW bells. 4x5-40 

—-making. W4I 

--«veumjs* U4 

--lighting, 663-4 

ElectrO-m*gft?k *0 
Jdeml, 4T3 

Hikin'* uv4baipakl04 

Ellipsograph, tU 
Elliptical spur g>arv*S3 
Elm, 13J-6, Hi 
ED vraod, 151 
Em Mica **>t IS4 


Emerald green, 4*6 
Emery jatVT, 4S4*i 

-wb«la, 415 

--for gtHDIul.Bf W»v! 

—- 

Ends* 169 

English woods* 154*4 

Engravings mmintftc • 

Em wisltf'f gearing. til 
Eptcydte trains 
Epinetle weed, «T 
Eroding ermra ia dn*sg 4 > 
I'JVIil.-phlU Wool* l« 

Enaol wood, |76 
Krythrtna wraxla, IM. *M 
Essen bout wocdL, 111 il 
Eucalyptus words 1^04**' 
146 

Eugrnt* wood, Iks 1«1 
Cuonymua «»wd* lil 
Enrybi* wood, 1"J9 
Even groin uf wood, 17* 
Examination of iron csriq 
Excorcaria wood, I« 
Exocsrpua wools, 131, III 
Expanding pulley* ill 
Expansion bit, 2$o 
—- eccentric, 4i3 
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ACE-PLATE, M4 
Earing chuck, 53* 

-— moulds tL 213* 
Fagua woods* 124,14!*'*. 
Fair bairn 1 * baling sraf *i* 
Fail-blower* 519 
Fancy coverings, 4*54 
Fisrines, 659 
Fattening*, 30** 2TT-4 
Feathers, etufllng, *wi 
Features of w^jod, If? 
bVed-TOlls 4*9 
Felling wcvid* I65-T 
Felling, 6i7-a 
Fences, 3SL-3 
FetguiotiV mrchsnlral f»» 
FmvuU wi-lx 1* 154 
Ferro-jituwiate papal* IW 
Ficus wood* *88-6 
Fiddle drill 4*1 
Flgum, coating 24 
Filed work, firddung, II 
Hies 277-36 
—- cleaning. 51 
--fitting in tiiuifcrt, TW 

— fur oav a 211 
foiw* 20-f 

-pTtnctplei* tT7 

— ibarivfiing, £J$-*i 


MUilf tm. ft* 

--guide* 214-5 

-^Trirni, 56-9 

—— mw% 213-8 
t UWsimne pUnes, ©t 1*** 






INDEX, 603 


aintkig, 414 

. 45 

rk, m-Z 
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lug* 8 

Lug. 38 

IM 

awi metal, 120 
Inga, 40-2 

In, 410 
1 135 


1,330 

-to 


log, 536*49 
337 

L 340 

Os, 340 
130 

*, 307*3 


ft 

leritig, 101 
H 

udders, 91 
ICO 


eta I, 120-1 
,7 
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11 


IftM, 510 
I 
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Forging scrapers, 77 

-—- flp*micr«v llM<? 

- technical terms, 44-4 

-tonga, 75*3 

-wrenches, 82-4 

Form of iron caattugs, 39*40 
Forma perdu la wiling, T1 
Forming tools, ahret'mi*Ul, 121-4 
Foundation*, 607-70 
Found frig and rusting, 13*44 
Foundry moulds, 14-6 

- pat turns, 14 

-*—- wood for, 170 

Four- motion feed, 608 

-post bedstead, 30MJ 

- -way cock, 60a 

Foumeyron turbine, 613 
Fuwtdiutiae*, 310-21 
Foxlnrsa, 107 
Foxtail tenon, 27* 

Fragile oLJeela, callings of, 32 
Frame-houses, 6H3-3 
—— tnriilng utf, l»B 
Frankfurt Mack, 407 
Fraximu wood, 1 27-8 
Freestone. 56ft 
French green, 40ft 

- polishing, 4511-70 

Fresco pahiLing, 423-0 

Fret taws, 226*7, 385-6 
^'Wtirk, 395-9 

bracket*, 3lhi-i 
-gallery, 300-7 

— operation-, 

-outline-culling, 328 

*—- KreEchers, 237*8 

-took 336-0 

*—- Woods* 366 
Friction, 605 

— pel fab, 465 
-wheels, 523 

Frictional grooved gearing, 523 
Fuchsia vrood, 136 
Fuel economiser, 06 L 
Furnace cupola, i* 

- for brftss and brume, 17-9 

—- hot air, 063*6 

- melt tug, 10*9 

-rmrteritwy, 19 

Furniture polishing, 459-70 

-r .ugh, making, 284*310 

- woods, ITU 

FuM>e-chaiu, 4 70 
Fusibility of solders, 91 

Gat, mkndoba wood, 153 

-mom wood, 162 

Gsllerj'. fretwork, 396-7 
Galvanised Iron rooting, 026-7 

-Iron. BoldetiuK, 111 

Gap spanners, 79*30 
Garden requisite*, making, 310*34 
Gardners reasoning proves*, 173 
Gas fitting, 040 
- — lbr blowpipe work, iH*5 

- generated jti casting, 23-4 

- lighting. 649-52 

-meters, 6 ) 7 

-pipe soldering; 34 

- —* — vice, 1»6 

--regulator, 517 

— — supply, fitting blowpipe to, 
105-6 

Gasomeiere, 516*7 
Gate*. 333-*l 

Gauge for screw^cutting, 66-1 

— Of SAW*, SOI 
Gauged eiuET, 606 

Gaug**, 136*7, 51b, 619*30, W 


Oeatings 631*31 
Heel bunt wood, 150,152 
Geneva stop, 491 
German silver polish, 455 
Gliding, 446-9 
; Gimlet bit, 24» - 
Gimlets, 2*6-T 
G ipsy table, M 
G liders in floors, 339 
Glass, 627-u, 029 

-gilding on, 449 

-tv metal, soldering, 113 

Glare wheels for stwl* *65-6 
Glaring, 627-34 

-area of window, 626 

-glass, 627-f, 629 

—* lead, 629-32 

-putty, 636*9 

,-special methods, 632-4 

Glaring tools, 629 
Glueing, 379, 283 
Gmeltni wood, 12ft, 159 
Godapara wood, 152 
Going barrel*. 4W9 
Gold lace, polishing, 456 

*-paint, 418 

-* solder, 90-1 

-—- to platinum, soldering, 113 
G ommo-ferric paper, 11 -2 
Gvoter wood, 15H-9 
Goruklna wood, 153 
Go* Ip-chair*, :i£3*8 
Goug^i, 239-3, 399-1, 656-61 
Grafter saw, t&« 

Graining, 420-32 

-- culoure, 430 

-bints, 432 

-Styles, 439*2 

-tools, 430 

Granite, &8T 

-marbling; *33 

Grant"i black, 407 
Granulating solders, 01 
Graphite crucibles, 19-29 
Grate*, open, «69 
Gravel foundations, 007 
Graving tools* 543 
Great maple wood, Ua 
Green pigments, 498 

-stains, 441 

*— veTdlrer, 408 
Greeubeflrt wood, 133 
Greenhouses, 325-3fl 
Grewla wood, 168 
Grey box wood, 129 

-stains, 441 

Grt-grl wood, 166 
Grinding paint, 413 
Grindstones, 240*2 
-artificial, no 

-If taking, 543 

-mourn, making, 292 h| 

-Usd-re-1, 242 

-trueing device, 241 

Grbcljnia Wood, 129 
Grits, 66ft 

Grooved and tongued Joint, 27F 
Grout. 5*6 
Growth of wood, 166 
Gru-gru wood, lflo 
Gualacnm wood, 136 
GuattefLa wood, 169,16 
Guava wood, 190 
Guiana wood*, 159 
Guiding-tools, 183-93 
Gullet of wws, 207 
Gum re'■ini, varnish ,47* 
Gumming msi, 312*3, 229 
Gums, varabh, 472 
\ GuxMjee wwite* Yaft 
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Gotten, 340-0 
Guynemer’s drier, 412-3 
Gyroscope. 602 
-governor, 603 

Hackmatack wood, i3« 

Haerlem blue. 407 
Haircloth npholstery, 403 
Hakea wood. 166 
Hal mendora wood. 153 

-mllila wood, 163 

-wood, 163 

Half lap Joint, 261 

-round rinder, 248 

Hall** sudden-pip vice, 193-4 
Halving Joint. 272 
Hamburg lake, 408 
Hammer's clamp. 197 
Hammering plates, 84-3 

-veneers, 357-8 

Hammerman, 45 

Hammers, 48-9, 241, 357-8, 399, 516 

-atmospheric, 516 

-dog-head. 85 

-forging, 73-4 

-long-cross face, 81 

—— steam, 516 

-twist, 85 

Hand filing saws, 213-4 

-masts, 169 

-saws, 198-222 

-set, 217 

-vice, 193 

Handles of axes, 253-4 
Handling tools, 560-1 
Hard silver solder, 90 

-solder, 90-1 

-for gold. 90 

-spelter solder, yo 

-soldering, 97-9 

Hardening cutting tools, 548-9 

-steel, 64-6 

Harding's ventilators. 65G 
Hardness of stone, 563-4 

--tools, 64 

Harpullla wood, 150, 163 
Harrison’s going barrel, 499 
Hatchets. 252-6 
Ilavanna cedar wood, 130 
Hawk, 608 
He oak, 141 
Heart wood, 166 
Hearths, 46 

-braziers’, 108-9 

Heartshakes. 167 
Heating soldering-iron. 109 
Hedges, 676 
Hedycarya wood, 135 
Helicograph, 505 
Heritiera wood, 159 
Hero’s steam toy. 516 
Hickory wood, 133-4 
Hiero’s fountain, 514 
Hinau wood, 134, 162 
Hinging, 283-9 
Hlnoki wood, 134 
Hirikadol wood, 153 
Hives, 321-4 

Hoard and Wiggin’s steam trap, 517 
Holdfasts, 260-1 
Holding tools, 193-8 
Hollow chuck, 534 

-walls, 694 

Holly’s rotary engine, 510 
Hollywood, 350, 388, 395 
Hooshe wood, 134,151 
Hopes wood, 169 
Ho-a wood, 153 
Hornbeam wood, 134 


Horoeka wood, 134 
Horopito wood, 134 
Horsehair stuffing, 400 
Hot-air furnaces, 663-6 

-seasoning wood, 171 

-water heating, 665-6 

Hotchkiss’s atmospheric hammer, 616 
House-building, 334-50 
Housing, 274 

Howlett’s adjustable friction gearing, 
531 

Huon pine wood, 142 
Hurdles, 332-3 
Hyawa-bolly wood, 160 
Hydraulic ram. 513 
Hydrogen generator, 95-6 
Hymeneca wood, 136 

Illumination, 646-64 

Inch masts, 169 

-tool, 673 

Indian ink, 409 

-woods. 156-62 

Indigo, 407 

Inflammable otjects, moulding, 21 
Inga wood, 146,159, 175 
Inherent strains, 36 
Inking drawings, 4-5 
Inlaying cabinet work, 362 
Instantaneous-grip vice, 194, 262 
Instruments, drawing, 1 
Intermittent circular motion, 493 
Internally toothed spur-gear, 623 
Iron boring, 54-6 

'-burnt, 62 

-cast, brazing. 98 

-burning, 92-4 

-casting in loam. 39 

- Rand, 39 

-castings, chilling, 43-4 

-examination, 40-2 

-form, 39-40 

-heavy,41 

-shrinkage, 37, 42-3 

-cements, 88-9 

-chisels, 49-53 

-cold shut, 39 

-cutting tools, 49-53 

-drilling, 64-6 

-filing, 56-9 

-finishing, 44-90 

-fitting, 44-90 

-forges, 46 

-forging, 44-90 

-defined, 61-2 

-founders’ pot, 38 

-founding, 35-44 

-flasks, 38 

-patterns, 35-7 

-tools, 37-9 

-hammers, 48-9 

-hearths, 46 

-joints 88-90 

-oxide, 407 

-paint, 418-9 

-for, 419 

-parting mixture, 39 

-plates, warping, 41 

-polishing, 456-7 

-riveting, 89-90 

-roofing, 626-7 

-screw-cutting tools, 59-61 

-sealing In stone, 91 

-second melting, 40 

-soldering, 112 

-surfacing tools 56-9 

-WKugxvs Viols 56 

\ —— 


Iron taming tools 641-1 

-varnish for. 475 

-welding, 62 

Ironbsrk wood, 134 
Iron woods, 134,146,161,153k 1 
165, 166, 175 

Italian Jasper marbling, 433 
Ivory black, 407 

-gilding on, 448-6 

Ivy-tree wood, 134 

JACK PLANE, 235,237 

-wood, 135, 153,156 

Jaman wood. 175 
Japanese bronzes 26 7 

-lacquer, 471-2 

-surfaces, gliding on, 441 

Japannern* gold size, 446 
Jaral wood. 135 
Jarrah wood, 135 
J^Jerecou wood, 150 
Jewellers* solders 90-1 
Jewellery, soldering, 98-t 
Jig saw, 226, 506 
Joggle Joint, 275 
Jo h ore cedar wood, 164 

-iron wood, 166 

-rosewood. 164 

-teak wood, 164 

Joining stones, 675-6 
Joints bearing, 272-4 

-bolts and nuts. 278 

-brandering, 274 

-bridle, 276 

-butt, 277 

-butt-jointing veneer carl 

-caulking. 272 

-chase mortice. 273-4 

-classification. 268 

-close jointing, 267-8 

-cogging, 272 

-compound solder. 91 

-comer piecing, 279 

-double notching. 273 

- dovetailing. 272, 277, 

299-300 

-do welled, 277 

-equal bearing, 267 

-firring np, 274 

-fished. 269 

-flooring. 277 

-for band-saws, 224-6 

-glueing, 279, 283 

-grooved and tongued, 27T 

-half-lap, 281 

-halving. 272 

-binging. 283-9 

-bousing, 274 

-in carpentry, 266-83 

-Iron, 88-90 

-keying, 279 

-keys, 277 

-lap (iron), 89 

-lapped beam. 268 

-lengthening, 268-71 

-matched and beaded, ITT 

-metal pipes. 124-6 

-miscellaneous 274-7 

-mitre, 277 

-mortice and tenon, 233-M 

306 

-pinning, 279 

-pins 277 

-post and beam, 274-6 

-principles, 267 

-rabbeted, 277 

-red lead, 88 

--rust, 88 

\-wasted 270-1 
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notching, 373 
279 
268 
:78 

tening, 271-3 
99 
6 

id mortice, 232-3, 274-6 

Dds, 283 

d notch, 273 
toning, 273 
277 
>9 

•g. 338-9 
k, 335-7 
*g» 334 
xl, 164 
ae, 512 

K 133-4, 150, 159 
ary motion, 525 
rood, 135 
nods, 130 


rOOD, 153 
wood. 153 
rood,151 
wood. 153 
l, 153 
„ 162 

ood. 145, 162 
ood, 135 
.id, 153 
d, 135 

a wood, 132, 151 
i, 135 
cmze, 26-7 
wood. 175 
135, 162 
d. 130, 162 
wood, 164 
near, 605 
ent, 604-5 
o painting, 425-9 
entilator, 657 
r, 208 


flg Q 

U of salts, 101, 109 
of, 342, 344 
w, 409 

150 

od, 153 
xxl, 153 
ir, 3C3-4 
, 308—10 
asking, 295-301 
153 
486 
41 

K>d. 146.163 
linters’, 416 
rood. 136. 162 
i wood, 136 
id, 136 
>od, 153 
1, 156 
53 

ood,153 
I, 151 
d. 162 
Od, 165 
, 165 

stone-preserving process, 

, 165 

151 


XiAC, 472 

Lacquers, 473-5 

-brass, 475 

-Japanese, 471-2 

Ladder-poles, 169 
Ladders, making, 294-5 
Ladle, 108 

Lagerstrsemia woods, 135, 146, 159 

Lake pigments, 408 

Lampblack, 407 

Lamps, soldering, 102-4 

Lancewood, 128, 150, 151 

Langdon mitre-box, 188 

Lansdell's steam syphon pump, 514 

Lantern wheel-stops, 493 

Lap joint, iron, 89 

Lapped paling, 332 

Lapping beams, 268 

Larch wood, 136 

Larix woods, 136 

Lathe beds, 532 

-boring collar, 535 

-cords, 533 

-face-plate, 534 

-fork, 533 

-frames, 533 

— mandrel, 532-3 

-manipulation, 537 

-movable bead, 497 

-polishing in, 470-1 

-poppet-beads, 532 

-prong, 633 

-rest, 633 

-self-acting, 536 

-slide-rest, 536 

-ski I fulness with hand tools, 539 

-speed motion. 476 

-strut chuck, 533 

-supports, 535 

-tools, 537-61 

-angle of holding, 537-8 

-for metals, 540-58 

-wood, 558-61 

-form, 538-9 

-number required, 537 

-selection, 539 

-shape of edges, 539 

-true framed, 535 

Lathes, 531-9 
Lathing. 608-9 
Lattice fencing, 331 
Laurelia wood, 146 
Lawraoce’s glazing, 633 
Laying bricks, 587-94 

-concrete, 699-600 

-plaster, 609-10 

-sheet lead, 114 

-slates, 622 

— stonework, 574-5 
Lazy tongs, 483 
Lead glazing, 629-32 

-paints. 419-20 

-sheet, laying, 114 

Leaden calmes, 630-1 

-pipe, mending, 114 

-vessels, burning, 93-7 

Leaf-metal, 446 
Lean-to roofs, 340-2 
Leatherwork upholstery, 400-3 
Lebanon cedar wood, 130 
LeclanchS battery, 635 
Ledged doors, 346-7 
Lengthening joints, 268-71 
Leptospermum wood, 138, 163 
Letter wood, 150 

Levels, IS5-6, 510 
Lever saw-set, 219 
Lewis for lifting stone, 519 
Libocedrua woods, 127, 130,102 


Lichens destroying stone, 565 
Lift-pump. 513 
Lifting-lack, 506 
Light red, 409 
Lighting, 646-54 
Lightwood, 129 
Lignum vitas wood, 136 
Lime paints, 420 

-whiting, 610-3 

-wood, 350. 387 

Limes, 580-1 

Limestones, 569-71 

Limsootsi wood, 161 

Line, carpenters', 182 

Linen, mounting drawings on, 3 

Link-motion valve-gear, 489 

Linseed-oil, 410-1 

Liquid slating. 435-6 

Liver rock, 568 

Loam, casting iron in, 39 

Lock saw, 208 

Locust-tree wood, 136,166 

Log, 169 

-huts, 680-2 

Long cross-face hammer, 84 
Lunt's rabbeting and blister router,246 
Lyslloma wood, 147 

MaBA WOODS, 147,163 
Macha»rium wood, 147 
Machinery woods, 179 ‘ 

Mackenzie's glaring, 633 
McNeile s seasoning process, 171 
Magdeburg gauge, 520 
Mahogany birch, 350 

-graining, 431 

-stains, 441-2 

-wood, 136-8, 175, 350-1, 387, 395 

Maire wood, 138, 162 
M a ire-taw-hake wood, 138 
Mako wood, 138, 162 
Makobala wood, 132,151 
Mai buruta wood, 153 
Malabar blackwood, 158 
Malachite green, 408 
Malleable castings, 66 
Mallets, 251-2, 673 
Mandrels, 632-3 
Manganese benzoate drier, 412 

-Dorate drier, 412 

-oxide drier, 412 

Man geo wood, 162 
Mangi wood, 162 
Manglfera woods, 138,159 
Mangle-rack, 491, 529 
-wheel, 525 

-and pinions, 476,489-91 

Mango wood, 138,159 
Mangrove wood, 151 
Mansard roof. 345-6 
Manuka wood, 138, 163 
Mapau wood, 163 
Maple graiulng, 431 

-wood, 138, 351, 395 

Marble, polishing, 449-51 
Marbling, 432-3 
Mur bow wood, 165 
Marezzo marble, 607 
Marine green, 408 
Market forms of wood, 169-70 
Marking gauge, 186 
Marraboo wood, 165 
Marlin’s cement, 605 
Masonry, 561-604 

-brickwork, 577-95 

-concrete, 596-602 

-damp walla, 603 

-gilding on, 448 
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Masonry, scaffolding, 603-4 

-stonework, 561-77 

Masons' tools, 587 
Massicot, 406-7 
Mastic resin, 472 

-wood, 166 

Metal wood. 139,141,163 

•Matapo wood, 163 

Match planes, 238 

Matched and beaded Joint, 277 

Mattresses, 404-5 

Measuring painters' work, 422-3 

-wood, 180-1 

Mechanical drawing, 1-13 

-movements, 475-531 

-paradox, 520 

Mediums, painting, 409-11 
Medullary rays, 166 
Melaleuca wood, 166 
Melanorhcea wood, 159 
Melia woods, 139, 159-00, 163 
Melk hout wood, 151 
Melting-furnace, 18-9 
Memel pine, 142-3 
Mending chairs, 303-4 

-cracked bell, 112 

-leaden pipe, 114 

-tin saucepan. 114 

Mercurial barometer, 620 

-compensation pendulum, 499 

Messenger’s glazing, 633 

Mesua wood, 139 

Metal, black varnish for, 475 

-boxes, 126 

-cups, 125-0 

-patterns, striking out, 116-8 

-pipes, joints, 124-5 

-plate-cutting shears, 481 

-to glass, soldering, 113 

-turning tools, 540-58 

-cutting angles, 540 

-forms, 640 

-grinding, 540 

-temper. 640 

-typical examples, 540 

Metallic roofing, 626-7 
Metals, gilding on, 448 

-polishing, 451-9 

Metroslderos woods, 145, 146, 163 
Mi wood, 153 
Mian milila wood, 153 
Michella wood, 160 
Micrometer-screw motion, 480 
Middling bard solder, 90 
Milk-distemper, 613 
Milkwood, 151 

Miller's combination fillster, 244-5 
Milling entters, 554-8 

-tools, 543 

Millingtonia wood, 160 
Mimusops woods, 130,160 
Mineral green, 408 
Mingi-mingi wood, 138 
Minium, 406-7 
Mlro wood, 139, 163 
Mitre box, 187-9 

-joint, 277 

-plane, 244 

-square, 183 

Mitreing board, 355 
-tool, 189 

Mixing metals for casting, 16-7 
Moknme bronze, 28 
Molluscs destroying stone, 565 
Monkey jack wood, 156 
Monooo wood, 139,162 
Montgolfier's hydraulic ram, 513 
Mora wood, 139 
Moreton Bay pine, 142 
Morrill's saw-sets, 219-20 


Mortar, 582-7 

-for pointing, 592-3 

Mortice and tenon joints, 274-6,279- 
81, 306 

-cutting, 232-3 

-gauge, 186 

Morus wood, 160 


Oil lAmps, 647-9 

-varnishes, 473-5 

Oiling handles and stocks, 26 
Oilstones, 242-3, 561 
Oils, painting, 410-1 
Oldfieldia wood, 141 
Olea woods, 134, 138,162 
Olearia wood, 138 
Oliven hout wood, 151 


Motootla wood, 132, 151 
Moulding board, 355 

-brass, 20-2 

-bronze, 20-2 

-in wax, 21 

-inflammable objects, 21 

-planes, 238 

-sand, 22 

-wire, 38 

Mouldings, veneering, 359-60 
Moulds, faced, 22, 23 

-filling. 21 

-■ for casting metals, 13-5 

-materials for, 20-1 

-metallic, 21 

-packing, 15-6 

Mountain green, 403 
Mounting drawings, 2-3 

-on linen, 3 

-engravings, 8 

Mulberry wood, 160 
Multiple gearing, 521 
Mural paiuting, 423-9 
Murboo wood, 165 
Murphy’s bench clamp, 197 
Muruba wood, 153 
Musk wood, 139 
Mnttl wood, 139 
Myall wood, 163 
Myrslne wood, 163 

NaGESWAR WOOD, 139 
Nail-pullers, 264 
Nail punch, 264 
Nalls, 263-4, 278 
Names of cut wood, 169-70 
Nan mu wood, 139 
Naples yellow, 4U9 
Natal woods, 150-2 
Native box-wood, 166 

-pear-wood, 166 

Nauclea wood, 160 
Naugiia wood, 139 
Nectandra woods, 133 
Nedun wood, 153 
Needlework chairs, 368-9, 404 
Neem wood, 139, 156 
Nei-nei wood, 139 
Nelli wood, 153 
Nesodaphne wood, 148, 163 
New Zealand cedar wood, 130 

-pine wood, 135 

-—— woods, 162-3 

Newfoundland red pine, 143 
Niello bronze, 23 
Nies hout wood, 147, 151 
Norfolk Island pine, 142 
Northern pine, 142-3 
Norway pine, 144 

-spruce wood, 131-2 

Nosdbit, 248 
Notches wood, 166 
Nuts, forging, 71-2 

Oak-graining, 431-2 

-6tains, 442-3 

-varnish, 475 

-woods, 140-1, 161, 351, 387 

Ochres, 408-9 

Ov\ tox *5-6 

-V4* 


Omphalobium wood, 150,331 
One-man saw, 206-6 
Oomhlebe wood, 128.151 
Oomkoba wood, 152 
Oomnyamatl wood, 151 
Oomsinsi wood, 151 
Oomtata wood, 151 
Oomtombi wood. 151 
Oomzimbiti wood, 151 
Opaque material, gilding on. 4 
Open grates, 659 

-paling. 332 

-stoves. 659-63 

Orange ochre, 408 

-pigments. 408 

-red, 403 

Ore-stamper motion, 478 
Ornamenting bronze, 27-8 
Oscillating column, 513 

-into intermittent drcsbri 

509 

-into rotary motion, W 

Oscillating piston engine, 
Otis’s safety stop, 497 
Owenia wood, 163 
Oxford ochre, 409 
Oxyandra wood, 153 

Packing moulds, is * 

Pad saw, 2u8 
Paddle-wheel, 519 
Pahantea wood, 130 
Pai-chh’a wood, 141 
Painted surfaces, gilding on, 4 
Painters’ cream. 423 
Painting, 405-29 

-applying, 413 

-basic pigments, 406-7 

-brushes, 415 

-cement, for carton pierre, 

-cleaning, 415-6 

-coats, 414-5 * 

-coloured, 417-8 

-colouring pigments, 497—9 

-composition, 421 

-copper, 418 

-discoloration. 416-7 

-distemper, 610-3 

-driers, 411-3 

-drying, 414 

-filling ground, 414 

-for floors. 4IS 

-for iron, 419 

-for tin roofing, 423 

-for zinc. 421 

-gold. 418 

-grinding. 413 

-iron, 418—9 

-knotting, 416 

-lead, 419-20 

-lime, 420 

-measuring, 422-3 

-mediums, 409 -11 

-miscellaneous, 417-29 

-oils, 410-1 

-priming coat, 413-4 

-removing. 415-6 

-removing smell, 4)6 

-silicated. 420 

\-420 
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libel, 232 

m* vie*, 193 
rto>. 42! 

Tor reciprocating into 

i, 000 

<, 30 

Sll 

is 

[t-ftmndlng, 35-? 

coatings, 14 
lip 110-0 
-4 

i ratchet, 193 
■ lifter. 48S 

. 151 

*166.351,38? 

, tiling, ft 
tog* 3 

606 


Ing, 033 

id, 134 
9,360 
0 


Kt, 141 
OH 

!, 454 

in 

‘ra, 90-1 
160 

sod. Hh 
ift, 404-ft 
;3,160 

' 

Limp, 197 

194-4 
310-21 
, 466+T 

407-9 


dotted plfiion, 491 
143 


Pine woods. 143-6, 160 , 361 
Ftnkwood, 106 
Piiudn*. 279 
line. 277 

-in tile*, 50 

Pinos wood*, 142-5. 160 
Fipes. Joint* in metallic, 124-6 
FlscUlU wood, 132 
Piston'rods, 50D 
Pitch of roofs, 6J 3 

- *&***, 207 

-pine. 143-4 

-tree wood, 135 

Plttaspetmum wood, I<53 

Htlosporuiu wood, 166 

Plain seats* liphotaLertJig, 402, 403 

— wood, gildmg on, 44t 
Plane woods, 145, 149 
PUl»B, 234—10, 354 

— adjusting, 23ft 

- circular, 243-4 

-- dMd \ 315-B 

-form*. 235-8 

—— mitre, 244 

-principle 1 *. 334-ft 

--toothing. 354 

-using, 230-40 

Flaiiing-machine feed mol tow, 4II, £06 
—— metal, In Urn lied space, 545 

-under buriiJjiiL.il surface, 

545 

Plan he, 169 

Plaster of purl*, gliding on, 149 
Plutooi’ moulding*. 607 -ft 
- putty, 606 

— tool*. 587, 604 
Plas tering, 604-1Q 

— lathing, 608-ft 

- Laying, «ou-io 

-materials. 6qt-8 

- pricking Up, 609-10 

Platan us woods* 145 
Plate Iron, 4ft 

powders. 457-8 
Plating Bolder*, 91 
Platinum to bras*. soldering, 1) l 
™- to gold, soLdering. 113 
Pllen, tlilineup, 118 
Plough plane, 337^9 
Flog* forge, 44 
Hum wood a, 163-4 
Plumb level, 1«6 
Plumbago crucibles, 19-20 
Plumb ra' bellows* 97 
-Holders, 91 

Pndocarpua woods, 139,141,14ft, 147. 
H9, 163-4 

Pohutukawa wood. 145 
Point chisel, 673 
Pointed filches, 508 
Pointing brickwork. ft90-3 
Point* of taw a* 207 
I Pufson-tree wood, 163 
Pul wood, 153 
I Vies, 169 

Polished wood, gilding on, 44ft 
Polishing* 449-72 

— in the Lathe* 4T0-1 
- lenses, ft06 

- marble, 449-51 

- — metals* 4&I-9 

- mirror*, 50ft 

-— wood, 459-72 
Fonda, 679—*0 
PungainLa wood. 160 
Ponl wood*. J66 
Poon wood, 144* 157. 158 
Pop 1 AT 146-6 

Pajmlua woods, 145^6 
Portable cramp drill*. 50ft 


Post and beam joint*, 27 4- ft 

Poultry-bouses, 310-21 
Pouring brass and bronze, 33-4 
Power's gi^regulator, 517 
Prepared chalk. 458 
Preserving iloiie, 671-3 

-inula. 265-6 

-wood, 174-5 

Pressure gauge, ft 19 
Prices of woods, J8I-3 
Flicking up plaster. 609-10 
Filming coat of paint, 413-4 
Proportional compawc*. 609 
1’ruftupls wood, 160 
I Tubs Ian blue, 407 
-—- green, 409 
Piidium wood, 160 
Ptenxarpus wood*, 160-1, 175 
rtcroflpermum wood, 360 
Pteroxylon wood* lit 
Pugging floor-, 340 
T’ukntca wood, lib 
Pulley and bucket*. 614 
Pulleys, 476 
Pumps, 612-6, 679 
Punch, 45 

Punches, forging, Tft-9 
Fundilug-machine motion, 463 
Purlri wood, 1*6, 163 
Purple brown, 4ua 

-stains. 443 

f'utraDjiy a wood, 161 
Putty, 628-9 

-powder, 4ftft 

-fcOfL, 624 

-softening, 628-9 

Pymma wood, 146 
Pynkadu wood, 146 
Pyrus wood*. 14 1 

Quarrying stose.56* 

Queen-post roof, 345 
Queensland woods. 163-4 
Qucrcu* wood*, 140-1, Ift] 

Quick-return crank motion. 480 

Rabbet plane, 237 

Rabbeted joint, 277 
Rabbeting and Blister router, 246 
Rack and frame, 483 

--pinion, 48U, 497 

Kail fence, 331 
Rake of f&wi, 3)2 
Ramming heavy coating*, 41 
Ransomer stone-preaervaUTt, 573 
Hasping tools, 108-230 
Rata wood. 146,103 
RaiChci and pawl* 463 
—- brace* frfi 

-wheel, 491 

-- stop*, 403 

Rote Ofeawa, 2U7 
Raw sienna, 4Q9 

-- umber, *09 

Ray's steam-trap, 51? 

Ruaor paste. 45s 
Rebate plane, 237 

Reciprocating Into rotary motion. 596 
-lift, 614 

-motion from continuous fall of 

water, 612 
—— saw, 225 

Rectilinear motion of horizontal bar 
€66 

-- --af«l!d^ 486 

Red birch wood, 149, 163 
-— cedar wood. H9 
-el* wood, khV 
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Red gam wood. 133,135 

-lead, 406-7, 409 

-joint*, 88 

-mangrove wood. 111 

-mnpuu wood, 163 

—— pigments, 408-9 

-pine, 142-3, 144, 163 

-sandal wood, 161 

-spruce, 148 

-stains, 443-4 

Registering revolutions, 527 
Relations of circles, 117 
Releasing hook in pile-driving, 494 

-sounding-weight. 494 

Removing paint, 415-6 

-smell of paint, 416 

Rendle's glazing, 634 

Rene’s seasoning process, 172 

Repairing chairs, 508 

Resinate driers, 412 

Resins, varnish, 472-3 

Retinospora woods, 131,147 

Reverberatory furnace, 19 

Reversing gear for single engine, 487 

Revolving saw set, 218-9 

Rewarewa wood, 146,163 

Rbamnus wood, 132 

Rhus woods, 131, 161 

Riboute bronze, 26 

Rickers, 169 

Riga pine, 142-3 

Rimu wood, 144,163 

Rind-galls, 167 

Ripping-saw, 198,206-7. 208, 222 
Riveting sheet metal, 126 
Rivets, 89-90 
Roads, 670-2* 

Robert's friction proof, 505 
Robiuia wood, 126 
Rock els wood, 151 

-foundations, C67 

Rod iron, 45 
Roger’s mitre plane, 244 
Robun wood, 146 

Roller motion In wool-combing ma¬ 
chines, 493 
Rollers, wood for, 179 
Rolling contact, 491 
Rollinia wood, 150 
Roman lake, 408 
Roofs 340-6, 613-27, 698 

-curb, 345-6 

-dachpappe, 618 

-felt, 617-8 

-king-post. 342, 344 

-Ican-to, 341-2 

-mansard, 345-6 

-metallic, 626-7 

-queen-post, 345 

-shides, 617 

-shingles, 617 

-slates, 620-4 

-span, 342-6 

-thatch, 614-7 

-tiles, 624-6 

-Willesden paper, 618-20 

Root’s double quadrant engine, 509 

-double reciprocating engine, 510 

Rose pink, 409 
Rosewood, 147, 351, 395 

-graining, 432 

Rosin, 472 
Rot in wood, 173-4 
Rotary engines, 609-12 
■-motion irom different tempera¬ 

tures in 2 bodies of water, 516 

-motions, 478 

-pumps, 614 

Rotascope, 602 
Rottenstone, 458-9 


Rouge, 469 
Rough cast, 606 

-furniture-making, 294-310 

-rubble, 674 

-timber, 169 

Roughing-out tools, 544 

-tool, 541 

Round-nose tool, 541 
Rounder, 244 
Rounding saws, 214 
Royal blue, 408 

-red marbling, 433 

Rubble, 674-6 
Rule. 182-3 

Russian door-shutting contrivance, 
606 

Rust joints, 88 

-preventives, 265-6 

-removers, 266 

SaBICU WOOD, 147 
Safety stop, 497 
Saffraan hout wood, 151 
St. Ann’s marbling, 433 
Sal wood, 147, 161, 175 
Salix woods, 150 
Saltpetrelng walls, 602-3 
Samaran wood, 165 
Sampling casting metal, 23 
Sand, 581 , 

-casting iron In, 39 

-substitutes, 581-2 

Sandal wood, 138, 161, 163,175, 351, 

Sandarach, 473 
Sand-burned castings, 21 

-foundations, 667 

Sand papering, 355, 396 
Sandstones, 568-9 
Santalum woods, 138, 161 
Sap wood, 166 
Sapindus wood, 161 
Saplnette blanche wood, 147 
Sapu miliLa wood, 154 

-wood, 153 

Sarcocephalus wood, 164 
Sash-bit, 248 

-door, 347-8 

-saw, 208 

-windows, 348-9 

Satlnwood, 146, 152, 157, 351, 395 

-graining, 432 

-stains, 444 

Saul wood, 147, 161, 175 
Sawara wood, 147 
Saw-filers* vice, 193 
Sawing-machine feed, 497 

-rest, 261, 355 

-speed, 225 

-stone, 573 

Saws 198-227 

-back saw, 221-2 

-band saw, 224-5 

-saw-flier, 215 

-bent-setting, 216-8 

-blazing, 66 

-bow, 198 

-buck saw, 222 

-carcass, 208 

-circular, 222-4 

-clamps, 197, 213-4 

-clearance teeth. 206 

-oonipas 1 * 20 S 222 

-cross-cutting, 204-5, 220-1 

-cut-oil, 208 

-emery wheels for, 216, 220 

-files, 216 

. -filing, 211-6 

\I 


Saws, fleam tooth, 222 

-fret, 226-7,395-6 

-gauge, 207 

-gullet. 207 

-gumming, 213-3,230 

-hammering, 84-6 

-handles, 203 

-jig, 225 

-lever saw set, 219 

-one-man, 205-6 

-pendulum, 506 

-pitch, 203-4, 207 

-points, 207 

-principles, 199-203 

-qualities, 208 

-rake, 212 

-rate, 207 

-reciprocating, 225 

-revolving-saw set, 218-4 

-lipping, 198,206-7,2* 

-rounding, 214 

-scroll, 222 

-selecting, 208-9 

-set, 207 

-set of teeth, 206 

-setting, 211-12, 216-30 

-sharpener, 215-6 

-side-jointing. 214 

-space, 207, 211 

-teeth, 203-8 

-throat, 207 

-top-jointing, 214 

-using, 209-11 

-web, 222 

Saw-table for jig or dicolar. 2 
Saxon bine, 408 

-green, 408 

Scaffold poles, 169 
Scaffolding, 603-4 
Scagliola, 607 
Scales, drawing 1 
Scantlings, 170 
Scarfed joints, 270-1 
Scarfing-iron, 45 
Scarlet lake. 409 
Scheele’s green, 4 OS 
Schleichera wood, 161 
Scotch pine, 142-3 
Scouring sluice, 514 
Scrapers, forging, 77 
Scraping tool, 542 
Scratches 608 
Screw bolt and nut, 480 

-clamp, 489 

-cutting, 539 

-cutting gauge, 60-1 

-motion, *80 

-tools, 59-61 

-driver, 265 

-propeller, 519 

-stamping-press motioii, w 

Screws, 264-5, 278 
Scribing block, 543 
Scroll gears, 529 

-saw. 222 

Sealing canned good*. 91 

-iron in rtoue. 91 

Seamed metal goods 1244 
Seamless metal goods, 124 
Seasoning ttone, 564-5 

-wood, 170-3 

Seats, making, 302-4 
Second melting, iron, 40 

-seasoning, wood, 172 

Sectors, toothed, 483 
See-saws, 503 
Seeaam wood, 147 
Selecting wood, 168-9 
Selenitic concrete, 602 
-mortar, 585-6 
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h >ii p Level, Sit ft 
*irg [DOtkm, 478 
i*t 
I, m 

&CI-4 
tool*, f‘37-8 
■ W~> 307 

1-4 

*. 31M, 2i6~20 
I 

ihh* feed, aom 
minifs * 

UU1 , li 

■ 

ur 'in 31 A- 0 
fcmer#* too** 304 

*«ote, 3140-4 


tool*. 640, U% 


t, 063 

i ijraiiig tools* 500-1 

, m 


rood, 1*7 
lOjrtng, U4 
bujtn*, 126 
Otting tool* Hi 
.itfitnlTlg tool*. 12ft 
4dlng tools, 13fk-l 
jrjuifig tcmla, 121-4 
tvit*TO9, Ufr-4 
Ivftlnif, 135 

d gmsta, 121*0 
Mfnlfiw gooda, 124 
pinning, 134 
*>K 110*24 
orulng, 110-26 
fl 

UiDg, 644 

n 


? WOOd*. I t® 

|j*H p 471-3 

«d*. |ftn-9, |»_i, 450 
147, 161 
I pine. 145 

f Ert.n endings, 37, \‘> -it 

L«d, 173—8 

04-6 

1 mmtp, 2(4 
60 

r, 149 

m 

■LUig, 403 

‘to, 420 

totw, 611-2 
r motion*, 4*3, 407 
slung, 464 
1, 133, 160 
6* 

UiMn & 466 
XH 

&•*-* 112-3 
mg, *34 
not Ulbe, 407 
i Joint, 212 
□r^gauft*, 519 
14 

47, 16*. 17* 
in*. 446 
oo tL 160-70 
n bttMiRf , 2* 

S tor tipboiafcsiT* 401-2 


Skirting board*. 340 
Skylight windows, 3411-5 U 
Slat ID*. 620—4 
- —- liquid, 435-6 
8Ude-latl» motion, 4 80 

-resia, 536-7 

SUiling Journal box, 497 

bMtwJ cuuilt, 4H0 
Mlulc*, 514 
Small, *08 

Smell of point, removing, 419 
smith'ft tost fur stone, 566 
Smith*' forge*, 46 

-work, (UBtpllR, t^HsU 

Smoke-drying wm if I, 172 
Smoothing pi line, iaT 
sneexewuo.1, 147. 151 
S^het epfinoera, 00-1 
Suckf**, 2TP 

Sodium an m, I cam fur soldering, 07 
Sott-sold^ring, 09-102 

- Solders, 01 

-- -—- colouring. 02 

S-.ttening stneh B4-6 
Soldering, 9U-ltd 

-- apparatus, Ifl2-® 

- -autogenous, U3-7 

- blimey imi-a 

—— blowpipes, 102 
- - bra*', 114 

— brass coating*. 03-4 

- bra** to plat cum, 111 

— — brass to steel, 111-2 

j —— brw wire, i n 

\ - braaleiV hearth, 106-9 

f - burning, 92^7 

— cast Iran, 92-4, m 
— — Cold, 97 

- cumpu pipes, JU 

—-Cracked bell. 119 

- tilting blowpipe to gas supply, 


-fiuxes, 109 

- - galvanised Imn, Ill 

— gfts-pipes, 9a 

- gia&a to mend, 113 

- — bard, 97-9 

-btirte, 199—16 

-— if'-a, 113 

- --Irons. 107—ft 

- bent Jug, i lift 

- - — tinning, 0u, 101-2 

— — Jewellery, 98-9 4 

-- lumps, 103-4 

-- leaden Ye-Jk^R. 90^7 

-- pewier, >34, 114 

—— platinum to gold, 113 
- tbeet copper, loft 

- ftllrer, 98-9, 119-3 

- sfift, 9W-U)2 

- Heel, 98, 112 

- stove plate, 03 

-- supports, io7 

- tliin *bret utetaJa, IftO-I 

- tin* 99-100 

- - -saucepan, 114 

- ti>’ 1ft, loT-H 

- without an Iron, ill 
-sine, loo, ill 

Solders, 90-9 

- burnt, ill 

- colouring soft, 92 

— composition, po-j 

- cumpoimd joints, 91 

— — oun nun touted, 110-1 
— — fluxes for, 01 

- during-points, ®1 

- fimbflity, 91 

- preparing, 91-2 

- purifying, Ub-l 


Solder*. quail tie*, 119 

- -nro ng, 109-10 

—- table of. yi 
Solvents, varnish, 473 
Sun nerat i a wood* 161 
Sopbora wood, 136, 162 
R'diuHng-NjATda, 34 ft 
Sour plum wodd, 193 
Soj-midu wood, Hi. 161 
Spate of saw*, 307, 211 
Spun Mt. 342-6 
Spanish barton*, 476 

- iirowu, 400 

-nebre, 40ft 

Spanners, forging, 79* at 
spam, 1*9 

Speed of sawing, 226 
spelter. 109-19 

-— PuW' T, 0O 

spinning sheet metal. 124 
Spiral-gnjftvwl drum, *86 

-- line on cylinder, 609 

Spirit fresco, 424 

- level. 185-9 

-- varnishes, 473-6 

Spirit’ of ftalta, killed, tftl 
S|xike*hi<ve, 333-4 
Sjhiiullail wood, 164 

>fmoling-frame tiwiioun, 489, 4»3, 4 K 
S|kon bil, 31ft 
Spring box, 47* 

- chuck, 63* 

— \ upliuU'eriiip, 403-4 

- mat trews, *04-6 

— Bet, 313 

- tool, 642 

Sjutickcl wbe^l, 494 
Spruce, Norway, 121-2 

- uctire, 409 

- pine, 145 

- woChia, I4T-* 

Spur-gear slope, 493 
Spur-geur*, 621 
Spurb'UB box-wood, i‘2® 

Square-nu** 4 -'L, 642 

- rlnder, 34 ft 

- timber, 169 

Squam, 183-6. 103-3 

- di awing, 1-2 

Squaring wtaid, 107 


- carYlnga, 3*9 


Stamper, iron-founding. 3 h 
starreti's caliipcr^fiMre, 191-1 
SLurshakes 107 
^lar wWl, 635 

duetto In bronze, 24-8 
■St> am-cngln j ' giWtlUOf, 4H5, 4M, 497 
-bammer. 516 

— h' oiliig, 660-7 

—— siphon pump, 614 
—- irupa, *17 
StiMinlng wood. 111 
St- utile point, 429 
8tool, gUze wheels fuf, 45r>-6 
poliehing, 450-7 

— Kikfor, 91 

-frilileriDg, 94, 112 

—— tempering, 63-6 

-to bn**, oi'ldriing, Hl-S 

-to wrought Linn, welding, 62 

-tools, barin'*i, 6* 

-welding. 93 

Steeling Inin urifl*, 7i 
steering upparBtu*, 619 
Sker t lunid- 1 . ice, 193 
M' liocarpuj uoo l, 164 
Stephen a imrkUel vice. 195-« 
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fH^trulU wood, til 
Stick: timber, m 
Stuakwood, 152 
Stacie, forging, 44 
Stocks ft nil die*. 59-451 
Stone, appearance, Ml 

-- cliuidiHuliiim 56* 

- destructive ag- nt* r 6fi6 

- durability 6*2—3 

- e x am i nation, 565-* 

— granite, 667 

- nardn*** 5*3-1 

«— joining, 675- 6 

--- laying, 674-5 

--1 mutton ns 509-71 

- natural beds, 566 

--- laetir*, 409 

- P'HHwn hi quarry, 564 

-— [►reserving ST 1—3 
'pi*rryiug;. 606 

- -AHd»lQD«U 66* -9 

- Hawing. 573 

-- Moling Iron to, 01 

- sejtCJTiing. Mi-5 

-— serpentine, W7-H 
—- *mciitiftin& 671-3 

— airengi h, 664 

-• wall#!, 576-7 

- weight, 504 

-- working, 663 

Stonemason*' tools, 573—4 
Stonework, 561-77 
Stfjp^h'tini'Pr plane, 23>t 
Snipperwitod, HO 
Scoptt for watches. 401 
Storing palm. 413 
Stove pUie. burning. 03 
Stoves, dose, 663 
■—- open, 650-63 
Straight-edge, 163 

- (drawing), (rating. 5 

Straight-Jo iiit ftows. 330 
'trains on jotufei. 24 k 
S traits Settlements wood*, 164-5 
Straps, 27* 

Straw thatch, 614-7 
Strength of atone, 564 
—- of wool# 180 
Strengthening Joints 27 f-1 
Stretchers, fretwork, 307-8 
Stretching pl ili-s, H4-H 
Striking brickwork, sou-3 

-out patterns 116—«. 

-tools 25i-2 

Stringy .hark wood, 149 
Striped Jolnra, 90 
Strong Hdder, 100-10 
Strut -chuck, 533 
——joints 376 
Strutting floor JoisU* 337-* 
Stub-tenon, 375 
StU Ccit. 606-7 
Stuffed tuttme^ 465 
Stuffings upholstery, 400 
Styles at graining, 436-3 
Suddoii’girtp vice, 103 
Suit-kbit] iy of woods 179 
SumrniT-liouacH, 330-1 
Sun anil planet motion, 523 
Sundri wood, 175 
Supports for soldering, ItiT 
Surface for pointing, 415-6 
Burin ding tools for Uwa, 56-0 
Snrlya wood. 154 
Swaged net, 312 
Swaging tool*, iron, 56 
Swamp gutri wuod, 133 

-- tea-ttTfl wood. 166 

Sweet plum woid, HU 
Swept tip dtetluKS 2 14 


Swieteni* wotrii, L36-S 
Swing boat, 513 
Swti.ging goiters, 514 
Swivel to-.l-hol.len4 544-54 
Sycamore wood, 145, 146, 356 
Syiygium wood, 1*1 
S&ercltDey 1 * atone liquid, 572 

TaRLMAW, 26ft 

- stain, 435 

Tables, mliking, 205-302 
Taking a heat, 45 
Tal wood, 154 
Turnon u wood, Hm 
Taiua/ak wood, 136 
Tamarind wood, I6L 
Tamarind u& wood, 161 
TiitnUxxi wood, (34, 161 
lumpen la wood, 166 
I ahekaba wood, 140 
Taper ML, 3df 
- vice, i9t 

Tappet ami ami ratchet wheel, 403 
Taraire wood, 163 
Tasmanian Iron wood, 166 
-— myrtle wotxl, hm 

-woods. 166 

l aw a w ood, 1444, 163 
Taw hoi wood,, 146 
Fawhai-ral-nuj wood, 140 
lauiri-Koiiu-Koha wood, 163 
Tajcua woods, 150 
Teak, HO. 154, l«t r 164, 175 
leale'e —~'—g. 661 

Technical terms hi lorgLng, 44-6 
lectona wood, uo, 16i, Hi, 1«|. 175 
Telephone and bell, 630-0 
I'em petal ure for casting, 23-3 
—— of tempering. 65 
Tempering colours, 6j-$ 

— heats, 63-5 
—— iron. 62-« 

Tcnuii and mortice Joint*, 374-6. 
479-01 

— - cutting, 232-3 
—— saw , ]Oh. 300 

Terminal la wood*, 129,130. 162, 175 
Terracotta, 670-^M) 

1 etrantbera wood, 162 
Textiles, gilding on, 44K 
Thutching, 614-1 
Tbewnla w«nd, 162 
Thick stuff, 169 
i Thin w^uds joining, 263 
| Three-legged kiwi, making, doa 

i i Throat of saw s, 20? 

Tiger w<-od, 137 
Tijeatonea. 56s 
] Tiling, 624-6 
Tilt-hammer, 470 
j Limber, 170 

- merchants' fence, 332 

Tin roofing, paint for, 420 

- saucepan, soldering, lit 

Tinmen'* pliers, 116 

Tinned iron wider, 01 

TfaumV aiders, 91 

Tinning nuklerliig-iian, 90, 101 -2 

Tints in drawings 5-6 

Tip, gilders", 447 

Title of drawing*, 6 

Titokl wood, 1*0, 163 

Tor am) lifter. 409 

— Joint, 27 b 

Toggle Jidn), 463 

Tonga for lifting nLuuc*. 6(9 

-- (urging, 72rn3 

\ -— hun, V(-w 
\ •- \ua>|. 


Tongue joint, inst 46 

Tool-cheats nrakmg. 351-4 

-bidder#. 544—64 

- reat T*r grindstone. 242 

1 f Ml* adapting. 642 
—— boring, 246-50 
*—— bras?- turning. 64 3 
—— bTicklayw**, 

— cabinet-making, 351-5 
—— c*rw oC 345-6 

— carpenters*, H3-2*a 
i —— carving, 396-1 

! -- Chopping 252-7 

- - edge, 236-4o 

— flaws In, 55H-^56 
—— fretwork. 395-6 
-—- gilding, 447 

-- glarier*', 629 

— — grain ng. 43d 

- guiding, 163-53 

— — handling, 566-1 

— holding. 193 —h 

— — iron founding. 37^5 

-- iron-tortiiog, 641-1 

-- masons', £67 

—— milling, 543 
-— parting, 392, 541 

- pUstencra’, 5t7, 6c* 

- rasping, tO«-330 

- — roughlng-ottt, $44 

- sheet-metal working, 11641 

-— tbler* 1 . 623 
—- soldering. 107-8 

— ^laDemaanfi*', 673 4 
- t-lriking, 251-2 

- thatchera', *15-6 

—— turning 637-61 
’—- uphoUtery. 399 
- Wtod-iumlng, 55h-*l 

- wood, 146 157 

l oathed s-ctom, 4«3 
I'tiolhing plan. , 354 
Tup-jolmihg saw*, 214 
Toiara wood. HO 1G3 
Tnugbeatilg steel, *&-* 

TmighiaeiM of WLiod, l7o 
Towal wood, 149, 1*3 
Lraclng doth, e-9 

— paper* 9-10 

1 raxing*. o>]miring. 6 
IVammet, too 
i Fran slrr paper, 10 
i ransmltted circular mutkn, 4*9 
Trsn*tHirent materi*!. ^iMit^ua, * 

-pairitw 430-1 

Transvaal wood*. 150-3 
rrant'i dado p| hh\ 34S-6 
Tnmclle and disc, 465-« 

I read wheels 6U5-6 
Tredgold nmdi, u?3 
TreeUe bediri ead, 304-6 
Ttewl* wood, 162 
Trijingqlar f-ccemric. i.H3 
Trlcketi's lever^aw set, 3if 
Trimuiiiig joists 338 
1 ri'icornaik* wood, 156 
Tripoli 45h-9 
Triptukmsen wood, 147 
1 rUanla wi-jd, 139 
I rowel*. 6&7, 
r rue black pine, 130 
Trunk engine, &G9 
Trying plane, 236 
Tubes far burning, 97 

- atriklDg out, life 

Tuck pointing, fio 1 
I till JJ-tree Wap*. 1*4 

- wood, IS*. 1*3, 35J* 55* 

Tumbler. 513 

\ X '■ VA*l»***«.■, Wwt. 1 l it* 
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ta, 421 

51 

1-0 

10-68 

,631 

-61 

rnishea, 473-5 
141 
U 273 
133 


51-4 

86 

linnlng, 519 


l WOOD, 164 
132-3,162 

igines, 487 
ilota, 646 

aried rotary motion, 623 
able rotary motion, 523 
ting rectilinear motion. 

g. 494 
are, 192-3 
castings, 40-2 
9-406 

seats, 403 
402 
i, 400 
r*,402 

erings, 403-4 
, 403 

>rk. 400-3 
,400 
*. 404-6 
rk chains, 404 
05 

a. 402, 403 
12 

g«i. 403—4 
400 


3, 218 


penters', 260-1 
486 

reversing gear, 487 
n, 408 
m. 495 

r.du-nts, 472-3 
>n, 474 

3 

73- 4 

74- 5 
2-6 

l in shaping machines, 

■k, 407 
.ing. 409-11 
164 
\ 244 
3-62 
.360-1 
ing curls, 361 
158—60 

Irawers, 375-8 

59-60 

>ff, 362 


Veneering, corners, 359-60 

-hammering, 357-8 

-mouldings, 359-60 

-on, woods for, 356-7 

-resinous wood, 360 

Veneers, cutting. 355-6 

-fixing, 357-61 

-removing and relaying, 358 

-woods for making. 356 

Venetian lake, 408 

-red, 409 

Vengay wood, 175 
Ventilating, 664-8 

-casting moulds, 28-32 

Vepris wood, 134 
Verd antique marbling, 433 
Verdigris, 408 
Verditer, 408 
Vermilion, 409 

Vertical bucket paddle-wheel, 519 
Vibrating motions, 478-80 
Vices, 47-8, 193-6, 261-4, 365 
Vienna green, 408 
Violet stains, 444 
Virginian date-palm wood, 141 
—- red cedar wood, 130 
Vitex wood, 146-163 
Volute wheel, 612 
Voluter, 392 

WAINSCOT OAK, 141 

-varnish, 476 

Walbomba wood, 164 
Waldomba wood, 164 
Walls, coloured washes for, 610-3 

-damp, 603, 643 

-earth, 683-4 

-footings. 669-70 

-hollow, 694 

-painting, 423-9 

-papering, 642-6 

-salt pet relug, 602-3 

-stone, 576-7 

-whitewashing, 610-3 

Walnut graining. 432 
-stains, 444-6 

-woods, 133-4, 160, 169, 361, 388, 

395 

Walukina wood. 164 
Waney wood, 170 
Wardrobe, 380-4 
Warming, 668-67, 687 
Warping of iron plates, 41 
Warren's turbine, 512 
Washstand, 304 
Watch-regulator, 499 
Water-beech wood. 145 

--colour painting, 416 

-for tempering steel, 66-6 

-in woods, 179 

-main, 516 

-motion into rotary motion, 617 

-raising machines, 512 

-seasoning wood, 171 

-size. 446 

— supply, 677-80 

-varnishes, 473-6 

--wheel governor, 486 

-512 

Waterproof whitewash, 612 
Wax, moulding in, 21 
Weather joint, 590 
Web saw, 222 
Wedges, 277 

Weeping myall wood, 103 
Weight of stone, 664 
Weinmannia rmoe m osa wood, 135 
Weir and scouring sluice, 514 
Welding iron, 62 


Welding steel, 63 

-to wrought Irak, 62 

-wrought iron, 63 

Weltpenn wood, 154 
Wells, 677-9 

West Indian cedar wood, 130 

-woods, 166 

Wet constructions, woods for. Iff 

-gas-meter, 61T 

-rot, 173-4 

Wewarana wood, 154 
Weymouth pine, 144-5 
Wheel and pinion, 491 
Wheelbarrows, 310 
Wheeler's countersink, 349-50 

-rounder, 344 

Wheel-teeth woods, 179 
White birch wood, 128 

-cedar wood. 163 

-deal wood, 131-2 

-els wood, 161 

-fir wood, 131-2 

-gum wood, 133 

-holly wood, 396 

-ironwood, 134,161 

-lead, 406 

-manuka wood, 138 

-mapau wood, 163 

-pine. 144-6 

-walnut wood, 133-4 

Whitewashing, 610-3 
White wood, 166 
White’s dynamometer, 505 

-pulleys, 476 

Whiting, 610-3 
Whole deals, 169 
Widiiringtonia wood, 130-1 
Wild olive wood, 161 
Wilge boom wood, 153 
Willetden paper, 618-30 
Willow wood, 150,152 
Wilson's 4-motion feed, 508 
Wind, effect on roofs, 633-4 

-motion into rotary motion, 611 

Windlass, 481, 497. 502 
Windmills, 517-9 
Windows, 348-60 

-area, 628 

-casement, 348 

-dormer, 345 

-glaxing, 627-34 

-paint, 421 

-sash, 348-9 

-skylight, 349-60 

Windsor chair, 303-4 
Winter's bark wood, 134 
Wiped Joints, 99 
Witch-hazel wood, 128 
Wooden-seated chair, 303-4 
Wood-tnrning tools, 558-61 
Woods, breaking weight. 126 

-British Guiana, 150 

-building, 179 

-cabiuetmaking, 360-1 

-Cape, 150-3 

-carpentry, 126-82 

-carving, 386-90 

-Ceylon, 152-4 

-classification, 169 

-cohesive force, 126 

-composition, 178-0 

-conversion, 175-8 

-crushing force, 126 

-decay, 173-4 

-defects, 167-8 

-durability, 179 

-elasticity, 179 

- Engl sh, 164-6 

-qp&n, W* 

^ -feakuwaAW 
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Woo*. MUng, 164-7 

-fireproofing, 176 

-- fur flours, iff 

-for foundry patterns, 179 

-for rollon. 179 

-for roiwortng «». 369-7 

-for t» man. 366 

-for mi constructions, 179 

-for wbool tooth. 179 


-gilding on, 448 

—— growth, 166 

-Indian, 166-43 , 

-machinery, 179 

-oaarlntfonno, 169-70 

-mmicSiL, 169-76 

-Natal. 169-3 

— New Zealand. 163-3 

-polisher, 469-73 

-preserving, 174-6 

•-prices, itl-3 

-QoaensUnd, 163-4 

‘ g. 170-3 
; 168-9 


Woods, shipbuilding, 179 

-shrinkage, 176-6 

-squaring, 197 

-stains, 433- 46 

-Strait Settlement* 164-6 

-strength, 180 

-suitability, 179 

-Tasmanian, 196 

-toughness, 179 

-Transvaal, 160-3 

-water in. 179 

-West Indian. 166 

-seaaoning process, 173 

Woodworth's feed motion of planing 
machine, 606 
Working shine, 663 
Workshop appliances, making, 389-94 
Worm and worm-wheel, 533 
-wheals, 491 

Wrenchea, forging, 83-4 | 

Wrought iron to steel, welding, 63 | 

-welding, 63 | 


XyLOPIA WOOD. 169 


YARD REQUISITES 
319-34 

YaH-yarl wood, ISO 
Yellow btrch wood, 12* 

-lake. 409 

-ochre, 409 

-orpinaent, 4u? 

-pigmeou, 4w 

-pine, 139, U2-3, Hi. U 

-stains, 446 

-wood, 138. 15*>, IV.* 

Yew wuod, 150, 3 A« 

Yoke bar, 485 
Yorke aaran wood. i«i* 

ZeBRAWOOD. 15*', 4. 

Zigzag fence, 331 
Zinc, paint for, 421 

-rooting. 626 

-soldering. 111 

-white. 407 

Zixyphus wood. 162 
Zugan bronze. 27 
Zomatic driers, 412 
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